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SECTION 1
PURPOSE OF DOCUMENT

The EPA, States and local air pollution control agencies
are becom ng increasingly aware of the presence of
substances in the anbient air that may be toxic at certain
concentrations. This awareness, in turn, has led to
attenpts to identify source/receptor relationships for these
substances and to devel op control prograns to regul ate
em ssions. Unfortunately, very little information is
avail abl e on the anbient air concentrations of these
subst ances or on the sources that may be discharging themto
t he at nosphere.

To assist groups interested in inventorying air
em ssions of various potentially toxic substances, EPA is
preparing a series of docunents such as this that conpiles
avail abl e informati on on sources and em ssions of these
subst ances. This docunent specifically deals with
f ormal dehyde. Its intended audi ence includes Federal,
State, and | ocal air pollution personnel and others who are
Interested in locating potential emtters of fornmal dehyde
and nmaki ng gross estimates of air em ssions therefrom

Because of the Iimted anbunt of data avail able on
f or mal dehyde em ssions, and since the configuration of many
sources is not the sanme as those described herein, this
docunent is best used as a priner to informair pollution
personnel about (1) the types of sources that may emt
f or mal dehyde, (2) process variations and rel ease points that
may be expected within these sources, and (3) avail able
em ssions information indicating the potential for
formal dehyde to be released into the air from each
oper ati on.

The reader is strongly cautioned agai nst using the
em ssions information contained in this docunent to try to
devel op an exact assessnent of em ssions from any particul ar
facility. Since insufficient data are available to devel op
statistical estimates of the accuracy of these em ssion
factors, no estimate can be nade of the error that could
result when these factors are used to cal cul ate em ssions
fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result
bet ween actual and cal cul ated em ssi ons, dependi ng on
di fferences in source configurations, control equipnent, and
operating practices. Thus, in situations where an accurate
assessnment of formal dehyde em ssions is necessary,
source-specific informati on should be obtained to confirm



the existence of particular emtting operations, the types
and effectiveness of control neasures, and the inpact of
operating practices. A source test and/or material bal ance
shoul d be considered as the best neans to determne air

em ssions directly froman operation.



SECTI ON 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is
to assist Federal, State, and local air pollution agencies
and others who are interested in |locating potential air
emtters of formal dehyde and nmaking gross estimates of air
em ssions fromthese sources. Because of the |[imted
background data avail able, the information summarized in
this docunent does not and shoul d not be assuned to
represent the source configuration or em ssions associ ated
with any particular facility.

This section provides an overview of the contents of
t his docunent. It briefly outlines the nature, extent, and
format of the material presented in the remaining sections
of this report.

Section 3 of this docunent provides a brief summary of
t he physical and chem cal characteristics of fornmal dehyde,
Its commonly occurring forns, and an overview of its
production and uses. A chem cal use tree summarizes the
quantities of fornmal dehyde consuned in various end use
categories in the United States. This background section
may be useful to soneone who needs to devel op a general
perspective on the nature of the substance and where it is

manuf act ured and consuned.

Section 4 of this docunent focuses on major industrial
source categories that may di scharge formal dehyde air
em ssions. This section discusses the manufacture of
formal dehyde, its use as an industrial feedstock,
applications of resins produced from fornmal dehyde, and
f or mal dehyde production as a byproduct of conbustion. For
each major industrial source category described in Section
4, exanpl e process descriptions and flow di agrans are given,
potential em ssion points are identified, and avail abl e
em ssion factor estimtes are presented that show the
potential for formal dehyde em ssions before and after
controls enployed by industry. Individual conpanies are
naned that are reported to be involved with either the
producti on and/ or use of formal dehyde, based primarily on
trade publications.

The final section of this docunment summarizes avail abl e
procedures for source sanpling and anal ysis of fornal dehyde.
Details are not prescribed, nor does EPA endorse any of
t hese sanpling and anal ysis procedures. At this tinme, EPA
generally has not eval uated these nethods. Consequently,

3



this docunment nerely provides an overview of applicable
source sanpling procedures, citing references for those
I nterested in conducting source tests.

Thi s docunent does not contain any discussion of health
or other environmental effects of formal dehyde, nor does it
I ncl ude any di scussion of anbient air |evels or anbient air
noni tori ng techni ques.

Comments on the contents or useful ness of this docunent
are welcone, as is any information on process descriptions,
operating practices, control neasures, and em ssions
I nformation that woul d enable EPA to inprove its contents.
Al'l coments should be sent to:

Chi ef, Source Anal ysis Section (NMD 14)
Ai r Managenent Technol ogy Branch

U.S. Environnental Protection Agency
Research Triangle Park, N C. 27711



SECTI ON 3
BACKGROUND

NATURE OF POLLUTANT

For mal dehyde is a col orl ess gas at nornmal tenperatures
with a pungent, irritating odor. It is the sinplest nmenber of
the fam |y of al dehydes and has the follow ng structure:

0
|

(@]

For mal dehyde gas is soluble in water, alcohols, and other
pol ar sol vents. Physical properties of pure nonomeric

formal dehyde are presented in Table 1.1 The JANAF Interim
Ther nochem cal Tables |ist thernodynam c properties data for
f or mal dehyde for tenperatures ranging fromO to 6000°K.

In the presence of air and noisture at room tenperature,

f ormal dehyde readily pol ynerizes to paraformal dehyde, a solid
m xture of |inear polyoxynethylene glycols containing 90 to 99
percent formal dehyde. Another form of formal dehyde is its
cyclic trimer, trioxane (GHO). |In aqueous sol utions,

f ormal dehyde reacts with water to form nethyl ene gl ycol .
Reactions that form nethyl ene glycol, trioxane, and

par af or mal dehyde are illustrated in Figure 1. As shown in the
figure, these reactions are reversible.

Pure, dry formal dehyde gas is stable from80 to 100°C and
deconposes very slowy up to 300°C. Pol ynerization takes
pl ace slowly bel ow roomtenperature but is accelerated by the
presence of inpurities. Warming pure liquid fornmal dehyde to
roomtenperature in a seal ed container causes rapid
pol yneri zation and the evol ution of heat (63 kJ/nole).
Deconposi ti on produces carbon nonoxi de and hydrogen gas. Wen
catal yzed by certain netals (platinum copper, or chroma and
al um na), formal dehyde deconposition can produce nethanol,
net hyl formate, form c acid, carbon dioxide, and nethane.?

As a result of its unique structure, formal dehyde has a
hi gh degree of chem cal reactivity and good thermal stability
in conparison to other carbonyl conpounds. This structural
uni queness is due to the attachnent of the carbonyl directly
to two hydrogens.® As a result, formal dehyde is capabl e of
undergoing a wide variety of chem cal reactions, nmany of which
are useful in comrercial processes. The commercial forns of
f or mal dehyde i ncl ude formnmal dehyde/ wat er sol uti ons, polyners,
and derivatives.?



TABLE 1. PHYSI CAL PROPERTI ES OF MONOVERI C
FORVAL DEHYDE!

Synonyms Met hanal , net hyl al dehyde,
nmet hyl ene oxi de, form c al dehyde,
oxomnet hane, oxynet hane,
oxynmnet hyl ene

Chem cal Formul a HCHO
CAS Regi stry Nunber 50-00-0
Mol ecul ar Wi ght 30.03
Boiling Point (at 101.3 kPa),°C -19
Melting Point, °C -118
Density at -20°C, g/m 0. 8153
Density at -80°C, g/m 0.9151

Ant oi ne Constants for Determ ning
Vapor Pressure?

A 9.28176
B 959. 43
C 243. 392
Vapor Density 1.067 (air = 1)
Heat of Vaporation, DH,
at 19°C, kJ/nol 23.3
at 109 to -22°C, j/nol 27,384 + 14.56T - 0.1207T? (T = K
Heat of Formation, DH’; at 25°C,
kJ/ nol -115.9
G bbs Free Energy, DG; at 25°C,
kJ/ nol -109.9
Heat Capacity, C°,, J/(noleK) 35.4
Entropy, S°, J/(nol+K) 218.8
Heat of Conbustion, KJ/nol 561 - 571
Heat of Solution in Water and
Lower Aliphatic Al cohols, kJ/nol 63
Critical Constants
Tenperature, °C 137.2 - 141.2
Pressure, MPa 6.784 - 6.637
Flammability in Air
Lower/ Upper Limts, nol % 7.0/ 73
Ignition Tenperature, °C 430

a Logy, P = A (B/(C+t)); where P = vapor pressure in pascals (PA) and
t = tenperature in °C.
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Figure 1. Common reactions of formaldehyde.



Because of its high chem cal reactivity and good ther nal
stability, formal dehyde is used as a reactant in nunmerous
commerci al processes to synthesize a wide variety of

products. These reactions fall into three categories:
S Oxi dati on-reduction reactions;
S Addi tion or condensation reactions with organics
and i norganics; and
S Sel f - pol yneri zation reactions.

A general description of these reactions that apply to
formal dehyde is presented in Figure 2.

The residence tinme of formal dehyde in the atnosphere has
been estimated at between 0.1 and 1.2 days.* Residence tine
Is defined as the tine required for the concentration to
decay to 1/e of its original value. The major nechani sns of
destruction are reaction with hydroxyl radicals (OH) and
photol ysis. The renoval rates by physical processes such as
deposition and renoval in rain are considered m nor.
OVERVI EW OF PRCODUCTI ON AND USES

For mal dehyde was first produced in the United States in
1901 chiefly for use as an enbal mi ng agent and disinfectant.?®
It is now a high-volune, comrercial chem cal. Fornmal dehyde
Is available in several different forns to fit users' needs
but is not available commercially in the formof the
anhydr ous nononer. Aqueous solutions, often called
formalin, are avail able containing 37 to 50 percent
f or mal dehyde by weight. These solutions may contain 6 to 15
percent stabilizer, usually nmethanol, to prevent
pol yneri zation. Solutions of formal dehyde in al cohol are
avai l abl e for processes that require high al cohol /I ow water
content. These solutions, called Forntels’, are prepared
wi t h net hanol, n-propanol, n-butanol, or isobutanol.

For mal dehyde is also available in its polyneric fornms of
tri oxane and par af or mal dehyde. 3

Currently, 13 fornmal dehyde producers in the United
States operate at 48 | ocations. Mst of the fornmal dehyde
produced is consuned in captive uses at the producer plant
site. The large nunber of plants results fromthe high
expense associated wth transport of aqueous sol utions.



Oxidation - Reduction

Rt e

CHD + 30H'T—1—47 HCOO™ + 2H,0 + 2e

CHy0 + 2Ag(NH,), + 30H™ ——e- 285 + HCOD™ + 4NHy + 2H0 + 2e”

2CH,0 + OH™— HCOO™ + CH4OH

CH,0 + RCHO + OH ™————=HCO0™ + RCH,OH

Addition

H
!

CHO0 + ON + H—— H-C-CN
t

OH
H

+

+ - -+

CHZO + Na HSO3 ———bH-C|-503 Na
OH

2CH20 + 2HC1 -—-—-’C!CHZDCHzt'I + H20

GCHZO + 414H3—> C6N4H12 + GHZO

CHZO + RNH,, et R-NHCHZDH

2
R

!
CHZO + R NH——-»R-N-CHZDH

2
CH,0

CH20 + RCONH2 —_— RCONHCHZDH - RCON (CHZOH)Z

- +
H H
CH,0 + RDH—*RO-CHZDHWROCHZ-OR

R'O HR'O
o i
« acid o
TH0 + R -I‘Z-C~R L HD(‘:-(':-C-R
H H R"
KO R'O
[ [
CH,0 + RNH + R'-C-C-R‘“-——bRNCHZ-C-C-R”' + H20
1 |
R" R"
Reactionwith Active H
OH

OH
acid or, = CH,0H
CHa0 +© base © z

H,0
CH,O + Rng—--acnz(onqx)-L—.chon + XMgOH

2
HZCxD + H20===H2C (C)H)2

nHZC (OH) z-==* HO- (CHZO)n H + (n-1 )Hzo

Figure 2. General reactions of formaldehyde.

Tollins Reaction
Cannizzarc Reaction

Crossed Cannizzaro Reaction

Cyanohydrin Formation

Addition of Bisulfite

Bis{chloromethyl)ether Formation

Hexamethylenetetrarine Formatior

Condensation with Amines

Condensation with Amines
Condensation with Amidec

Acetal Formation

Aldol Condensation

Mannich Reaction

Methylol Formation

Grignard

Formation of polyoxmethylene
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Production figures quoted for fornmal dehyde generally are
expressed on the basis of 37 weight percent formalin solution.
The 37 percent solution figure includes all aqueous and al coholic
sol uti ons, parafornmal dehyde, and trioxane.® The product m x
produced depends on fluctuating captive needs and custoner
requi renents. Production of formal dehyde in 1982 was esti mated
to be 2.18 x 107 negagrans on the basis of a 37 percent
solution.® Exports were approximately 9.1 x10% negagrans in 1982,
and inports were negligible.”

For mal dehyde is produced in the United States by two
met hods: the netallic silver catal yst process and the netal
oxi de process. The silver catalyst process is the predom nant
process, accounting for 75 percent of fornmal dehyde manufactured,
while the nmetal oxide process accounts for the remaining 25
percent. Both production nethods use nethanol as the starting
material .8

In the silver catalyst process, a nethanol-rich air mxture
is passed over a stationary silver catalyst. The reaction
products are fornmal dehyde and water vapor. Reaction conditions
are approxi mately atnospheric pressure and tenperatures of 450°to
650°C. The product gases are cool ed and absorbed in water.
Excess nmethanol is renoved by distillation and returned to the
process. Yields are typically 83 to 92 percent.?

The formation of fornal dehyde in the silver catalyst process
is thought to follow a two-step process involving the
dehydr ogenati on of nethanol foll owed by conbustion of the
hydrogen product. Alternatively, a conbination of single-step
processes has been proposed involving the sinmltaneous
dehydr ogenati on and oxi dation of formal dehyde. A nunber of
vari ations of the basic silver catal yst process have been
devel oped in order to increase yield, decrease side product
formation, conserve energy and reduce em ssions.?

The nmetal oxide catal yst process is licensed in the United
States by Reichhold and Lummus. In this process, nethanol is
converted to fornal dehyde by oxidation of nmethanol. The
catal ysts enployed in this selective oxidation process are
usual Iy iron nol ybdenum oxi de m xtures. The reactant m xture is
rich in air, containing only 5 to 10 vol une percent nethanol. As
in the silver catalyst process, the product gases are cool ed and
absorbed in water. The formal dehyde yield for the netal oxide
process is higher than that for the silver catal yst process.
Thus, the formal dehyde solution fornmed contains only a smal
anount of nethanol, usually |l ess than one percent, and does not
require purification by distillation.?

10



Par af or mal dehyde is normally produced fromformalin
solutions. These solutions are vacuumdistilled until polyner
precipitation occurs. Commercial paraformal dehyde-water sol utions
are available with fornmal dehyde contents ranging from91 to 99
percent .3

Trioxane is prepared fromformalin solution by distillation
in the presence of either sulfuric acid or acidic sulfonate
i on-exchange resin. The distillate is an azeotrope of trioxane,

f or mal dehyde, and water, boiling at about 90°C. Trioxane is
separated fromthe distillate by extraction wth nethyl ene
chloride or a-chloronaphthal ene. The trioxane is then recovered
by distillation or crystallization.?

For mal dehyde is one of the nost wi dely used industri al
chem cals. The current uses of formal dehyde are listed in Figure
3, along with the percentage of the total product devoted to each
use. Over 50 percent of the formal dehyde produced is used in the
manuf acture of resins such as urea-fornmal dehyde resins,
phenol - f or mal dehyde resins, acetal resins, and
mel am ne-f or mal dehyde resins. Oher inportant uses of
f or mal dehyde i nclude the synthesis of hexanet hyl enetetram ne,
pentaerythritol, |,4-butanedi ol and other acetylenic chem cals,
chel ati ng agents, urea-formal dehyde concentrates, trinethyl ol
propane, 4, 4-nethyl enedianiline, acrylic esters, pyridine
conpounds, and nitroparaffins. Formal dehyde is also used in
textile treating applications, dyes, disinfectants, and
preservatives. %10

Resins that are produced from fornal dehyde are used
primarily as binders for particleboard and pl ywood. O her
uses for the resins are as nol di ng conpounds for dinnerware,
appliances, electric controls, tel ephones, and wring
services; foundry resins; and adhesives for thernmal and
sound insul ati on. Butanedi ol produced from fornal dehyde is
used mainly to produce tetrahydrofuran, which is used as a
solvent for vinyl resins and as an internediate in the
synthesis of other chemcals. Methylenedianiline is
converted to nethyl enedi phenyl isocyanate, which is used in
the production of pol yurethanes for reaction injection
mol di ng i n aut onobil es. 1

11



USE
UREA-FORMALDEHYDE RESINS

PHENOL - FORMALDEHYDE - RESINS
ACETAL RESINS

HEXAMETHYLENETETRAMINE
PENTAERYTHRITOL
1,4-BUTANEDIOL
TETRAHYDROFURAN
OTHER ACETYLENIC CHEMICALS

METHANOL + OXYGEN CATALYST + FORMALDEHYDE ————n] CHELATING AGENTS

(CH,0H)

SILVER METAL - 75%
(40,) METAL OXIDE - 25% (HCHo}
: TRIMETHYLOL PROPANE

4,4'-METHYLENEDIANTLINE
M D ISOCYANATES

ACRYLIC ESTERS
PYRIDINE COMPOUNDS
NITROPARAFFINS
DYES

DISINFECTANTS
PRESERVATIVES
EXPORTS

OTHER

"Figure 3. Chemical use tree for for'ma]d.c_-hydef.3'm

MELAMINE-FORMALDEHYDE RESINS

UREA-FORMALDEHYDE CONCENTRATES

TEXTILE TREATING APPLICATIONS

PERCENT

- 30%
24%
- 9%
a3
- 6%
- 6

3%
3%
- 3%
2%
- 2%

1

- 2%
2%
- 1%

100%



SECTION 4
FORMALDEHYDE EM SSI ON SOURCES

This section discusses fornal dehyde eni ssions fromdirect
sources such as production of formal dehyde, production of
chem cal s using formal dehyde as a feedstock, and m scel | aneous
uses of fornmal dehyde. Indirect em ssion sources in which
formal dehyde is formed as a byproduct al so are di scussed.

I ndi rect sources of fornmal dehyde include refineries and
conmbusti on processes. Process and em ssions information are
presented for each source for which data are avail abl e.
FORVALDEHYDE PRODUCTI ON

For mal dehyde is produced in the United States by two
processes. |n the predom nant process, nethanol is
dehydr ogenat ed and oxidized in the presence of a silver
catal yst to produce fornmal dehyde, hydrogen, and water. In the
ot her process, formal dehyde and water are forned by the
oxi dation of methanol in the presence of a netal oxide
catal yst. 10
Process Descriptions
Silver Catal yst Process--

The maj or products of the silver catal yst process are
f or mal dehyde, hydrogen, and water. Basic operations that may
be used in a silver catal yst process are shown in Figure 4.
Actual flow diagrans for production facilities will vary. In
Figure 4, conpressed air (Stream 1), which has been scrubbed
to renove traces of sulfur dioxide, hydrogen sulfide, and
other inpurities, is passed through a vaporizer colum, where
it is heated and saturated w th nethanol vapor (Stream 2).

The heated stream nust maintain a methanol concentration
greater than 37 volunme percent in order to be above the upper
explosive limt of nethanol.?!!

The m xture (Stream 3) then enters a battery of converters
that are nmaintained at a tenperature of approximately 635°C.
The hot effluent gases (Stream4) are cooled rapidly to
prevent deconposition of the product formal dehyde. Cooling is
acconpl i shed by indirect heat interchange with the feed
m xture in the vaporizer and by then introducing the gas into
the primary absorber. 1°

The primary absorber liquid is an aqueous sol ution of
f or mal dehyde and nethanol. A portion of this liquid is
wi t hdrawn fromthe bottom of the absorber colum and
recirculated to the top. The renmainder Stream5) is punped to

13
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t he product fractionation colum. The uncondensed vapors and
noncondensabl e gases (Stream 6) are withdrawn fromthe top of
the primary absorber colum and fed to a secondary absorber.
The maj or portion of the uncondensed vapors is recovered in

t he secondary absorber colum through contact with

dem neralized water, and the off-gas, consisting nostly of
nitrogen with some entrained volatile organi c conpounds

(VOC s), is vented (Vent A). The weak fornal dehyde/ net hanol
solution (Stream 7) withdrawn fromthe bottom of the secondary
absorber colum is punped to the primary absorber colum and
used as makeup solution. !

The met hanol - cont ai ni ng formal dehyde solution (Streamb5) is
punped to a fractionation columm, where nethanol is recovered.
This vacuumdi stillation step yields an overhead product of
approxi mately 99 percent nethanol for recycle to the reactor and
a bottom product of fornmal dehyde solution containing |less than 1
percent nethanol. The nethanol vapor fromthe top of the col um
i s condensed and recycled to the vaporizer (Stream 8).
Uncondensed vapors (Stream 10) are vented (Vent B) or fed to the
absorber .12 The formal dehyde solution fromthe bottom of the
fractionation colum (Stream 9) is punped to product storage
tanks. Wen required by custoner specifications, the solutionis
treated in an ion exchange systemfor renoval of trace anounts of
form c acid before being stored.!!

As a final step, water is added to provide a suitable
concentration for storage and shipping. Reported yields for the
netallic silver catalyst process range from 83 to 92 percent. !

Al l product storage tanks are heated to prevent polyner
formation and precipitation in storage. A series of tanks are
used to blend and adjust the solution to the desired formal dehyde
and net hanol concentrations before it is shipped to the
cust oner. 11
Met al Oxi de Catal yst Process--

In the netal oxide catalyst process, the nmajor products are
for mal dehyde and water. The catal yst system nost often used is
ferric nol ybdate.

Figure 5, presents basic operations that may be used in a
met al oxi de catal yst process. Actual flow diagrans for
production facilities will vary. The process begins as incom ng
air (Stream 1), which has been scrubbed to renove dust and trace
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inmpurities, is mxed with oxygen-lean recycle gas (Stream 5)
fromthe process to | ower the oxygen content of the air feed
stream bel ow 10.9 percent. This | ow oxygen content keeps the
met hanol concentration below the | ower explosive limt when a
portion of the air feed streamis saturated w th nethanol
(Stream 2) in the vaporizer colum. The nethanol -saturated
air is then mxed with the remaining air and preheated by heat
exchange with the product gas (Stream 4) |eaving the
converter. The feed gas mxture (Stream 3) then enters the
converter, which is maintained at 345°C by the exothermc

oxi dation reaction. !

The product gas (Stream 4) is cool ed by heat exchange with
the feed gas m xture and then quenched in the absorber col um.
The formal dehyde and net hanol are renoved fromthe gas stream
by absorption in the aqueous solution. The unabsorbed gases
and vapors exit at the top of the absorber columm. A portion
of this gas is recycled (Stream5), and the remaining gas
(Stream 6) is vented. The product solution drawn fromthe
bottom of the absorber colum contains approximately 0.8
percent met hanol and 0.005 percent formc acid. The solution
generally is treated in an ion exchange systemto reduce the
acidity and is then stored. As a final step, water (Stream 7)
is added to provide a suitable concentration for storage and
shi pping. Process yields of 91 to 93 percent are reported for
the netal oxide catal yst process.

Em ssi ons

Uncontrol | ed formal dehyde em ssion factors for the silver
catal yst process and the netal oxide catal yst process are
listed in Table 2 and Table 3, respectively, with potenti al
control techni ques and associ ated em ssion factors for
controll ed em ssions. These em ssion factors have been
devel oped based on hypothetical plants for each of the two
processes with total fornmal dehyde production capacities of
45, 000 My/ yr.*°
Process Em ssi ons—

Silver Catalyst Process — The primary source of
f or mal dehyde process enmissions is the purging of gases from
t he secondary absorber (Vent Ain Figure 4). The product
fractionator is another possible source of fornmal dehyde
process em ssions (Vent B). However, nost producers report
that gases fromthe fractionator are fed to the absorber
bef ore venting. Fornmal dehyde em ssions al so occur during plant
startup. Formal dehyde plants are normally operated at design
conditions to achi eve highest yields and are shut down when
product inventories are filled. The silver catalyst process
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TABLE 2. UNCONTROLLED AND CONTROLLED FORMALDEHYDE EM SSI ON FACTORS FOR A HYPOTHETI CAL
FORMALDEHYDE PRODUCTI ON PLANT ( SI LVER CATALYST PROCESS) 2

Uncontrol | ed Control | ed
f or mal dehyde f or mal dehyde
Stream em ssi on Potentially applicable Per cent em ssi on
Em ssi on source desi gnat i on® factore® control technique reduction factore®
Absor ber A 0. 38 kg/ My® Ther mal oxi dation 98+¢ 0076 kg/ My
Fl are 80" 0.076 kg/ My
Product Fracti onator B 0. 33 kg/ M& Recycl e to absorber 100¢ 0 kg/ My
Wat er scrubber 959 0.017 kg/ My
Startup Vent C 0.10 kg/ My®  None
For mal dehyde St or age D 0.03 kg/ My  Vent scrubber 90 0. 003 kg/ My
Ther mal oxi dati on 98+¢ 0006 kg/ My
Handl i ng E 0.01 kg/ My  Vapor recovery 96 0. 0004 kg/ My
Process fugitive F 0.70 kg/hrk Quarterly I/Mof punps 57 0. 30 kg/ hrk
and val ves
Monthly 1/ M of punps 69 0.22 kg/ hrk
and val ves
Monthly 1/ M of val ves, 91 0. 063 kg/ hrk

use of double
nmechani cal seal
punps, and use of
rupture disks'

a Any gi ven fornmal dehyde production plant may vary in configuration and |evel of control fromthis
hypot hetical facility. The reader is encouraged to contact plant personnel to confirmthe existence
of emtting operations and control technology at a particular facility prior to estimating its eni ssions.
b Letters refer to specific process vents in Figure 4.
¢ Emission factors in ternms of kg/My refer to kil ogram of fornmal dehyde emtted per negagram of 37 percent
f or mal dehyde sol ution produced
¢ Reference 11,pp. IV-3 to IV-4. Mst producers incinerate or flare the absorber em ssions and recycle
the product-fractionator gases to the prinmary absorber. 12
¢ The control efficiency for incineration varies depending on the design of the incinerator and the
conmpound that is burned. The 98 percent level is an estimate of the control efficiency of an
incinerator with a residence tine of about 0.75 seconds and a tenperature of about 870°C, for a
conpound that is difficult to incinerate.® Reference 12 estimates a control efficiency of 99 percent
for incinerators on absorber vents.
Ref erence 12 estimates a control efficiency of 80 percent for flares on absorber vents.
Ref erence 11, p. V-2.
Startup process is vented through absorber. No additional controls are reported on startup em ssions. 2
Ref erence 12.
Ref erence 14 reports the use of an incinerator to control storage tank em ssions.
kK Fugitive enmission rate is independent of plant capacity. Refer to Appendix A for fugitive em ssion rate
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calculations. 1In contrast to these estimtes, Reference 14 reports fornmal dehyde em ssions from

i ndi vi dual absorber bottom punps averaging only 10°® kg/hr, and only 1.2 x 107 kg/hr for an agitation
punp. Thus, with 24 punps at a typical formal dehyde process, and using the higher value for all punps,
process fugitives frompunps total only about 2 x 10 kg/hr.

"I/Mrefers to inspection and nmi nt enance.



TABLE 3. UNCONTROLLED AND CONTROLLED FORVMALDEHYDE EM SSI ON FACTORS FOR A HYPOTHETI CAL
FORMALDEHYDE PRODUCTI ON PLANT ( METAL OXI DE CATALYST PROCESS) @

Uncontrol | ed Control | ed
f or mal dehyde f or mal dehyde
Stream em ssi on Potentially applicable Per cent em ssi on

Em ssi on source desi gnat i on® factore® control technique reduction factore®
Absor ber A 0. 47 kg/ My® Ther mal oxi dation 98+¢ 0009 kg/ My
For mal dehyde D 0.03 kg/ Mg  Vent scrubber 909 0. 003 kg/ My
Handl i ng E 0.01 kg/ Mg  Vapor recovery 96" 0. 0004 kg/ My
Process fugitive F 0. 47 kg/ hri Quarterly I/ Mof punps 53 0.22 kg/ hri

and val ves!

Mont hly 1/ Mdf punps
and val ves! 73 0.13 kg/ hr

Monthly 1/ M of val ves, 79 0. 063 kg/ hr'
use of double
mechani cal seal
punps, and use of
rupture disks!

a Any gi ven fornmal dehyde production plant may vary in configuration and |evel of control fromthis
hypot hetical facility. The reader is encouraged to contact plant personnel to confirmthe existence
of emtting operations and control technology at a particular facility prior to estimating its eni ssions.
b Letters refer to specific process vents in Figure 4.
¢ Emission factors in ternms of kg/My refer to kil ogram of fornmal dehyde emtted per negagram of 37 percent
f or mal dehyde sol ution produced
¢ Reference 11, pp. IV-7 to |V-8.
¢ Reference 13.
f The control efficiency for incineration varies depending on the design of the incinerator and the
compound that is burned. The 98 percent level is an estimate of the control efficiency of an
incinerator with a residence tine of about 0.75 seconds and a tenperature of about 870°C, for a
conpound that is difficult to incinerate. Reference 12 estinmates control efficiency of 99 percent
for incinerators on absorber vents.
9 Reference 12
h Reference 11, p. v-2
" Fugitive enmission rate is independent of plant capacity. Refer to Appendix A for fugitive em ssion rate



cal cul ati ons.
JI/Mrefers to inspection and mai nt enance.
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oper at es above the upper explosive limt of methanol. Thus,

pl ant startup procedures must be handl ed carefully. Unstable
condi tions are encountered, and expl osions can occur in the
nmet hanol vaporizer and the reactor. Various startup procedures
are used in the industry. During startup, the output fromthe
reactor may be vented until stable operation is achieved and
an acceptable yield ratio is obtained. The flowis then
switched into the absorber. Mbst fornmal dehyde producers
report that startup vents go through the absorber before
venting to the atnosphere.?? Total startup time is usually 1
to 2 hours. The reactor feed rate varies as the startup
proceeds. Initially, the reactor produces mainly carbon

di oxi de and water vapor. As the tenperature rises, the

f ormal dehyde yi el d i ncreases, thereby increasing the anount of
formal dehyde in the vented gas. Startup em ssions, when
venting through the absorber, are reported to be O 1 kg/My12
(see Table 2).

Metal Oxide Catalyst Process-- The netal oxide catalyst
process operates below the explosive limt of methanol with an
excess of air resulting in stable conditions during startup.
Thus, venting of the reactor during startup is not required as
it was for the silver catalyst process, and there are no
intermttent startup em ssions.

For mal dehyde process em ssions result fromventing gases
fromthe product absorber (Vent Ain Figure 5). The em ssion
conposition and flow rates are affected by the percent of
absorber gas recycled. By recycling a portion of the
oxygen-| ean vent gas, the oxygen concentration in the reactor
feed m xture can be reduced, nmaking it possible for the
concentration of methanol to be increased without form ng an
expl osive m xture. This reduces the volume of reaction gases
and thus reduces the em ssion rate of formal dehyde fromthe
absor ber. *°
St orage Em ssi ons—

For mal dehyde emi ssions (Vent D in Figure 4 and Figure 5)
result fromstoring formal dehyde product. Fornal dehyde
storage em ssions were estinmated based on an average of four
tanks per plant, a tank size of 190 cubic neters, 45 turnovers
per year, and a bulk liquid tenperature of 54°C. The tanks
were assunmed to be fixed-roof, half full, and subject to a
diurnal tenperature variation of 11.1°C *°
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Handl i ng Em ssi ons- -

Em ssion factors fromthe handling of formal dehyde product
were cal cul ated assum ng submerged fill-pipe |oading into
trucks and tank cars.?'®
Fugi ti ve Em ssions--

Fugi ti ve em ssions of formal dehyde and other volatile
organics result fromleaks in process valves, punps,
conpressors, and pressure relief valves. The rate of fugitive
em ssions of formal dehyde fromthese sources was cal cul at ed
fromthe nunber of punps, valves, conpressors, and relief
val ves in fornmal dehyde service, the estimted fornmal dehyde
concentration in streans in contact with these sources, and
em ssion factors for fugitive sources.® The nunbers of punps,
val ves, conpressors, and relief valves in formal dehyde service
were estimated fromthe process flow diagrans and the total
nunber of fugitive sources in VOC service for the hypotheti cal
45,000 My/yr plant. Refer to Appendix A for fugitive em ssion
rate cal cul ati ons.

Source Locations

Maj or formal dehyde producers and production | ocations are
listed in Table 4.

UREA- FORMALDEHYDE AND MELAM NE- FORMALDEHYDE RESI N PRODUCTI ON
Ur ea- f or mal dehyde (U-F) and nel am ne-fornmal dehyde (M F) resins
are the nost commonly used am no resins. They are produced
donestically by addi ng fornal dehyde (CH,O to urea (NH,CONH,) or
mel am ne (GN;(NH,) ;) to form nethyl ol nmononer units, and
subsequent condensati on of these units to forma pol ymer. '’

Ur ea-f ormal dehyde resins are used in the production of hone

i nsul ati on and as adhesives in the production of

particl eboard, fiberboard, and interior plywod.

Mel am ne-f or mal dehyde resins are used for high-pressure

| am nat es such as counter and table tops, and are conpression
nol ded to formdinnerware.?®

Process Description

The maj or products of the UUF and MF resins production
processes are UF or MF resins and water. Basic operations
that may be used in UUF and MF resin manufacture are shown in
Figure 6. Amno resins generally are produced in a batch
reactor but sone are produced in closed continuous systens.
The first reaction of the process, the addition of
f ormal dehyde to the am no conmpound to form net hyl ol conpounds,
is carried out under al kaline conditions.
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TABLE 4. PRODUCTI ON OF FORVALDEHYDE!'

Manuf act ur er Location
Borden I nc.
Borden Chem Div.
Adhesi ves and Chens. Div. Denopolis, AL

Diboll, TX
Fayetteville, NC
Kent, WA
La Grande, OR

Petrochens. D v.

Cel anese Cor p.
Cel anese Chem Co., Inc.

E. |I. duPont de Nenmpburs & Co., Inc.

Chens. and Pignments Dept.

GAF Cor p.
Chem Products

Loui svi l | e,

KY

M ssoul a, MI

Sheboygan,

W

Springfield, OR

CGei smar, LA
Bi shop, TX
Newar k, NJ
Rock Hill, SC
Bell e, W/
Grasselli, NI

Heal i ng Spri ngs,
La Porte, TX

Tol edo, OH

Calvert CGty,

Texas City,

X

KY

NC
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TABLE 4. Conti nued

Manuf act ur er Locati on

Ceor gi a-Paci fic Corp.

Chem Div. Al bany, OR
Col unbus, OH
Conway, NC
Crossett, AR
Lufkin, TX
Ressel lville, SC
Taylorsville, M

CGetty G| Co.
Chenbond Corp., subsid. Andal usi a, AL
Springfield, OR
Wnnfield, LA

International Mnerals & Chem Corp.
| MC Chem G oup

I ndust. Chens. Div. Seiple, PA
Kal ama Chem I nc. Garfield, NJ
Monsant o Co.
Monsanto Pl astics & Resins Co. Addhyst on, OH
Chocol at e Bayou, TX
Eugene, OR

Springfield, MA

Nuodex, | nc. Fords, NJ
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TABLE 4. Conti nued

Manuf act ur er Locati on

Perkins Indust., Inc. Vi cksburg, Ms

Rei chhol d Chem, Inc.
Borden Chem Div.

Adhesi ves and Chens. Div. Hanpt on, SC
Houston, TX
Kansas Gty, KS
Moncure, NC

Taconma, WA
Tuscal oosa, AL
VWite Cty, OR

Wight Chem Corp. Acrme, NC

NOTE: This listing is subject to change as market conditions change,
facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of
f or mal dehyde eni ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel.
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Caustic, formal dehyde, and the am no compound (Streans 1-4)
are charged to the heated reaction vessel .’

Next, the reactor conditions are altered to favor the
second reaction, the condensation of the nethylol conpounds to
forma polyner chain. The condensation reaction is carried
out under acidic conditions and is stopped at the desired
degree of polynerization by |owering the tenperature and
rai sing the pH

At hi gh degrees of polynerization, a solid polyner is
produced. At |ow degrees of polynerization, a stable syrup is
produced that can be used as an adhesive or |am nating resin.
The syrup can be conbined with a filler to nake a nol di ng
compound or used with other polyners in coatings fornulations.
The syrup can also be spray dried to forma powder for
conveni ent storage and handling.!"'® However, sone producers
of UF and MF resins report that there are no spray drying
operations at their production facilities.??

Em ssi ons

For mal dehyde emi ssions fromthe pol ynerization process
occur while water is being renoved fromthe reactor under
vacuum (Vent A in Figure 6) and during the cleaning of the
reactor kettles between batches. Fugitive gaseous em ssions
may occur fromrelief valves, punps, valves, and fl anges.
Potential formal dehyde em ssion sources in spray drying
operations are belt driers, continuous drumdryers, and
conti nuous screen dryers that are vented to the atnosphere
(Vent B).18

Uncontrol | ed formal dehyde em ssions fromUF and MF resin
manuf act ure have been estimated as foll ows: 82

S Process--0.15 to 1.5 kg/ My of 37 percent formal dehyde

used;

S For mal dehyde Storage--0.03 to 0.2 kg/ My of 37 percent

f or mal dehyde used; and
S Fugitive--0.03 to 0.2 kg/ My of 37 percent
f or mal dehyde used.

Ur ea- f or mal dehyde and M F production plants may vary in
configuration and | evel of control. The |evel of control on
f or mal dehyde storage em ssions should be equival ent to that
for fornmal dehyde production.'?> The reader is encouraged to
contact plant personnel to confirmthe existence of emtting
operations and control technology at a particular facility
prior to estimating its em ssions.
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Source Locations

Maj or U-F resin producers and production |ocations are
listed in Table 5. Table 6 lists major MF resin producers and
production | ocati ons.

PHENOL - FORVALDEHYDE RESI N PRODUCTI ON

Phenol - f or mal dehyde resins are forned by pol ynerization of
phenol and fornmal dehyde. The two najor resin types are resols
and novol aks. Resols are fornmed in an al kaline mediumw th an
excess of formal dehyde and are marketed as thernosetting
resins, bonding resins, varnishes, and | am nates. Novol aks are
formed in an acid nediumdeficient in formal dehyde. These are
t hernopl astic resins that require mxing with fornmal dehyde or
a formal dehyde donor such as hexanet hyl enetetranm ne to produce
a thernosetting product. Novolak products include
t hernbsetting resin powders, varnishes, and | am nates.®
Process Descriptions
Resol Production Process--

Resol s are comonly produced in a batch process. Major
products of the resol production process are
phenol - f or mal dehyde resin and water. Basic operations that may
be used in a resol production process are shown in Figure 7.

Phenol (Stream 1), formal dehyde (Stream 2), and sodi um
hydroxi de (Stream 3) are charged to an agitating reactor.
Steamis then fed to the kettle jacket and to internal coils
toinitiate the reaction. As the exotherm c reaction begins,
cooling water is supplied to the kettle to maintain
tenperature control. Additional cooling is acconplished by
using a reflux condenser. 8

The degree of polynerization is nonitored by w thdraw ng
sanpl es and testing them The degree of polynerization
determ nes the physical properties of the product. The
reaction can be halted at a point where the polyner is stil
wat er sol ubl e enough that it can be incorporated into bonding
resins. Alternatively, the reaction can be allowed to

progress to the point at which the polyner precipitates. 1In
this case, the water is renmoved and an organi ¢ sol vent can be
added to forma varnish. |If the polynerization reaction is

allowed to continue until the resin reaches a brittle stage, a
t hernosetting nol di ng powder can be produced.
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TABLE 5. PRODUCTI ON OF UREA- FORMALDEHYDE RESI NS'®

Manuf act ur er

Locati on

Allied Corp.
The Bendi x Corp., subsid.
Friction Material Div.

Ameri can Cyanam d Co.
Pol ymer Products Div.

Ameri can Hoechst Corp.
I ndust. Chens. Div.

Apex Chem Corp.

Aur al ux Chem Associates, Inc.

Bor den, I nc.
Borden Chem Div.
Adhesi ves and Chem Div.

Cargill, Inc.
Chem Products D v.

Cel anese Cor p.

Cel anese Pl astics & Specialties Co.,

Cel anese Specialty Resins,

Cark G1 & Refining Corp.
G ark Chem Corp., subsid.

C.N.C. Chem Corp.

Commerci al Products Co., Inc.

div.

Green Island, NY.

Mobi | e, AL
Wl | i ngford, CT
Charlotte, NC

Mount Hol Iy, NC
El i zabet hport, NJ

Hope Val l ey, R

Denopolis, AL

Di boll, TX
Fayetteville, NC
Frenmont, CA
Kent, WA

La Grande, OR
Loui sville, KY
M ssoul a, MI
Sheboygan, W
Springfield, OR

Carpentersville, IL
Forest Park, GA
Lynwood, CA

Loui sville, KY

Blue Island, IL
Provi dence, R

Hawt hor ne, NJ
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TABLE 5.

Cont 1 nued

Manuf act ur er

Locati on

Consol i dat ed Papers, Inc.
Consowel d Corp., subsid.

d asvrit Anerica, Inc.
Cook Pai nt and Varni sh
Crown- Metro, Inc.

Dan Ri ver, Inc.
Chem Products D v.

De Soto, Inc.

Dock Resins Corp.

Eastern Col or & Chem Co.

Ceor gi a-Paci fic Corp.
Chem Div.

CGetty G Co.
Chenmbond Corp., subsid.

Guardsman Chens., Inc.

@l f Ol Corp.
@l f Gl Chenms. Co.
| ndust. Chens. Div.

W sconsi n Rapi ds,

Detroit, M

North Kansas City,

Geenville,

Danvill e, VA

Garl and, TX

Li nden, NJ

Provi dence, R

Al bany, OR
Col unbus, OH
Conway, NC

Coos Bay, OR
Crossett, AR

SC

Eugene, OR
Louisville, M
Lufkin, TX
Newar k, OH

Peachtree City, GA
Port Wentworth, GA
R chnond, CA
Russel lvill e,
Tayl orsville,
ki ah, CA

Vi enna, GA

Andal usi a, AL
Springfield, OR
Wnnfield, LA

SC
M5

Grand Rapids, M
H gh Point, NC
West Menphis, AR

W

MO
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TABLE 5. Cont i nued
Manuf act ur er Locati on
M1l master Onyx G oup, subsid.
Lyndal Chem Div. Lyndhurst, NJ
Hanna Chem Coati ngs Corp. Col unbus, H
Her cul es, Inc. Chi copee, MA
Hattl esburg, MsS
M | waukee, W
Portl and, OR
Savannah, GA

H & N Chem Co. Tot owa, NJ

Li bbey- Onens- Ford Co.

LOF Plastic Products, subsid. Auburn, MNA
Mobi | Cor p.

Mobil QI Corp.

Mobil Chem Co. Div.
Chem Coatings Div. Kankakee, IL
Monsant o Co.
Monsanto Pl astics & Resins Co. Addyst on, OH

Nati onal Casein Co.

Nati onal Casein of California

Nati onal Casein of New Jersey
Adhesives Div.

Chocol at e Bayou,

Eugene, OR

Santa Cara, CA
Springfield, MA

Chi cago,
Tyler, TX

IL

Santa Ana, CA

Ri verton,

NJ

X
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TABLE 5. Cont i nued
Manuf act ur er Locati on
Nat i onal
Starch and Chem Corp.
Proctor Chem Co., Inc., subsid. Sal i sbury, NC

Perstorp, Inc.
Pl askon Products, Inc.
Pl astics Mg. Co.

PPG I ndust., Inc.
Coatings and Resins Div.

Rei chhol d Chens., Inc.

Varcum Di v.

Scott Paper Co.
Packaged Products Div.

Sout heast ern Adhesi ves Co.

The Standard G| Co. (Ghio)
Sohi o I ndust. Products Co., div.
Dorr-diver, Inc., unit

Sun Chem Cor p.
Chens. G oup
Chens. Div.

SUS Chem Corp., Inc.

Fl orence, MA

Tol edo, OH

Dal | as, TX

Cak Creek,

W

Andover, MA

Detroit, M

Moncure, NC

Sout h San Franci sco,

Taconma, WA

NY

NY

Tuscal oosa, AL
VWite Cty, OR
Ni agara Fal | s,
Chester, PA
Everett, WA
Fort Edward, NY
Marinette, W
Mobi | e, AL
Lenoir, NC

Ni agara Fal | s,
Chester, SC

East Provi dence,

Rock Hi Il

SC

Rl

CA
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TABLE 5.

Cont 1 nued

Manuf act ur er

Sybron Cor p.
Chem Div.
Jersey State Chem Co., div.

Synt hron, Inc.
Tyl er Corp.
Rel i ance Uni versal,

Speci alty Chens.

United Merchants & Mgs., Inc.
Val chem - Chem Div.

Val spar Corp.
McWhorter, Inc., subsid.

West Poi nt - Pepperel I, 1nc.
Gifftex Chem Co., subsid.

Weyer haeuser Co.

I nc., subsid.
and Resins Div.

Locati on

Hal edon, NJ

Ashton, R
Mor gant on, NC

Loui sville, KY

Langl ey, SC

Bal ti nore, MD

Opel i ka, AL

Marshfield, W

Not e:
facility ownershi p changes,

This listing is subject to change as narket conditions change,

pl ants are cl osed down, etc. The reader should

verify the existence of particular facilities by consulting current |istings

and/ or the plants thensel ves.

The | evel

of formal dehyde emi ssions from any

given facility is a function of variables such as capacity, throughput, and

control
per sonnel .
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TABLE 6. PRODUCTI ON OF MELAM NE- FORVALDEHYDE RESI N'°

Manuf act ur er

Locati on

Ameri can Cynam d Co.
Pol ymer Products Div.

Form ca Corp., subsid.

Ameri can Hoechst Corp.
I ndust. Chens. Div.

Aur al ux Chem Associ ated, Inc.
Bor den I nc.

Borden Chem Div.
Adhesi ves and Chens. Div.

Cargill, Inc.
Chem Products D v.

Cel anese Cor p.

Cel anese Pl astics & Specialties Co.,

Cel anese Specialty Resins, div.

Chagrin Valley Co. Ltd.
Nevamar Corp., subsid.

Cark G 1 & Refining Corp.
G ark Chem Corp., subsid.

C.N.C. Chem Corp.

G asvrit Anmerica, Inc.
Cook Pai nt and Varni sh Co.
Crown-Metro, Inc.

Dan Ri ver, Inc.
Chem Products D v.

Dock Resins Corp.

div.
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Kal amazoo, M
Mobi | e, AL

Wl | i ngford, CT
Charlotte, NC
Evandal e, OH
Mount Hol Iy, NC

Hope Val l ey, R

Di boll, TX
Kent, WA
Sheboygan, W
Springfield, OR

Carpentersville, IL
Forest Park, GA
Lynwood, CA

Loui sville, KY

Gdent on, MD

Blue Island, IL
Provi dence, R

Detroit, M

North Kansas City, MO

Geenville, SC

Danvill e, VA

Li nden, NJ



TABLE 6. Conti nued

Manuf act ur er Locati on

Eastern Color & Chem Co Provi dence, R

Gen. Electric Co.
Engi neered Materials G oup
El ectromateri al s Busi ness Dept. Coshocton, CH
Schenect ady, NY

Ceor gi a-Paci fic Corp.

Chem Div. Al bany, OR
Col unbus, OH
Conway, NC

Coos Bay, OR
Crossett, AR

Eugene, OR
Louisville, M
Luf kin, TX
Newar k, OH

Port Wentworth, GA
Ri chnond, CA
Russellville, SC
Tayl orsville, M

Wi ah, CA
Vi enna, GA
CGetty G| Co.
Chenbond Corp., subsid. Springfield, OR
Wnnfield, LA
Quardsman Chens., Inc. Grand Rapids, M
Hanna Chem Coati ngs Corp. Col unbus, H
Li bbey- Onens- Ford Co.
LOF Plastic Products, subsid. Auburn, ME
Mobi | Cor p.

Mobil QI Corp.
Mobil Chem Co., div.

Chem Coatings Div. Kankakee, IL
Monsant o Co.
Monsant o Pol yner Products Co. Santa Clara, CA

Springfield, MA

Nati onal Starch and Chem Corp.
Proctor Chem Co., Inc., subsid. Sal i sbury, NC
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TABLE 6. Conti nued

Manuf act ur er

Locati on

Perstorp, Inc.
Pl astics Mg. Co.

PPG | ndust., Inc.

Coatings and Resins Div.

Rei chhol d Chens., Inc.

Scott Paper Co.

Packaged Products Div.

Sun Chem Cor p.
Chens. G oup
Chens. Div.

Synt hron, Inc.

Tyl er Corp.
Rel i ance Uni versal,

I nc.,

United Merchants & Mgs.,

Val chem - Chem Div.

us al Co.

Sout hern U.S. Chem Co.,

Val spar Cor p.

McWhorter, Inc., subsid.

subsi d.
Specialty Chens. and Resins Div.

I nc.

I nc.

West i nghouse El ectric Corp.
Insulating Materials Div.

subsi d.
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Fl orence, MA

Dal | as, TX

Crcleville, OH
GCak Creek, W

Andover, MA
Detroit, M

Sout h San Franci sco,
Taconma, WA

Tuscal oosa, AL
VWite Cty, OR

Chester, PA
Mobi | e, AL
Chester, SC

Mor gant on, NC

Loui sville, KY
Langl ey, SC

East Provi dence, R
Rock Hill, SC

Bal ti nore, MD

Manor, PA

CA



TABLE 6. Conti nued

Manuf act ur er Locati on
West Poi nt - Pepperel I, 1nc.

Gifftex Chem Co., subsid. Opel i ka, AL
Note: This listing is subject to change as market conditions change,

facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel
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<:>- PHENOL STORAGE <:> FORMALDEHYDE STORAGE
SCALE CONDENSER
L
)
pH MODIFIER ©
REACTOR
STEAM i
WATE Reveeint
COLD WATE CONDENSATE]
RECEIVER VACUUM
COOLING RESIN . RESIN COOLING
CARRIAGE rnousn RECEIVER BELT
umL

NOTE: The rambars in this figure refer to process
streams, as discussed in the text, and the
letters designate process vents. The hedvy
1ines represent final product streams through
the process,

Figure 7. Basic operations that may be used_for phenol-

formaTdehyde resin manufacturing.!d



The pol ynerization reaction is stopped by rapid cooling
and neutralization with sulfuric acid. The mxture is then
distilled in the reactor kettle to purify the resin. [If the
resin application requires a | ow concentration of water, the
resin is dehydrated, often under vacuum 18

The production of dry product requires discharge of the
resin fromthe reactor through a special quick-discharge val ve
to prevent it frombecom ng an insoluble, infusible solid.
Cool i ng must be acconplished by spreading the material in thin
| ayers because of its low thermal conductivity. Cooling
devi ces include water-cooled or air-cooled floors, trays in
racks, and noving belts. After cooling, the solid is ground,
screened, and packaged. Sone of the solid resols require
several water washing steps. This procedure necessitates
drying the resin before it is packaged. The solid resin may
be blended with fillers and additives before it is readied for
mar ket i ng. 8
Novol ak Production Process--

The production of novolak resins is also commonly
performed by a batch process. Figure 7 presents a flow
di agram descri bi ng basic operations that nay be used in this
process. As in the production of resols, phenol (Streaml)
and fornmal dehyde (Stream 2) are charged to a jacketed batch
reactor. However, sulfuric or hydrochloric acid (Stream3) is
added instead of a base. The tenperature is raised to
initiate the reaction. |If strongly acidic conditions are
used, a vacuumreflux system nust be used for cooling, but in
many cases atnospheric reflux is sufficient. Additional
cooling is provided by circulating cooling water in the jacket
and in the internal coils of the reactor. Wen the reaction
is conpleted, the resin is purified by distillation in the
reactor kettle and subsequent dehydration. |n sone cases, the
pol ynmer is neutralized before it undergoes further processing.

In solid resin production, the reactor charge is dunped
onto cooling surfaces in thin layers. Wter-cooled or
air-cooled floors, trays in racks, and noving belts are used
for rapid cooling. The solid resin is then ground, and
screened. Fillers, coloring agents, and
hexanet hyl enet et ram ne nay be bl ended with the resin, which
can then be fused on hot rollers, ground and packaged as a
finished thernosetting resin product.
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During the production of solutions used in varni shes and
| am nating agents, solvent is also added in the reactor. The
sol utions are packaged in druns or tanks.?!®
Em ssi ons

For mal dehyde em ssions fromthe production of resols and
novol aks may result fromthe storage of formal dehyde (Vent A)
before it is charged to the reactor and fromthe distillation
and dehydration (Vents B and C) of the reaction mxture.

Car bon adsorption or liquid extraction is used to control

em ssions fromthese operations. Fugitive gaseous em ssions
may occur at the condenser, vacuumline, sanple ports, and
vents of both processes. Intermttent fornal dehyde em ssions
occur at safety bl ow off valves. Formal dehyde em ssions al so
may result fromwashing reactor kettles. Witer washi ng of
sonme resols during product preparation may produce

f or mal dehyde emi ssions.'® Uncontrolled fornal dehyde em ssion
factors for the production of phenol -formal dehyde resi ns have
been estimated as foll ows: 812

S Process--0.15 to 1.5 kg/ My of 37 percent formal dehyde

used;

S For mal dehyde Storage--0.03 to 0.2 kg/ My of 37 percent

f or mal dehyde used;
and

S Fugitive--0.03 to 0.2 kg/ My of 37 percent

f or mal dehyde used.
Phenol - f or mal dehyde production plants may vary in
configuration and | evel of control. The |evel of control on
f or mal dehyde storage em ssions should be equival ent to that
for fornmal dehyde production.'® The reader is encouraged to
contact plant personnel to confirmthe existence of emtting
operations and control technology at a particular facility
prior to estimating its em ssions.
Source Locations

Maj or phenol - f or mal dehyde resin producers and production

| ocations are listed in Table 7.

POLYACETAL RESI N PRODUCTI ON

Acetal resins are produced by the polynerization of anhydrous
formal dehyde or its triner, trioxane. Fornmal dehyde and

tri oxane honopol ynmers and copol yners of these conpounds and

ot her nononers are produced. The honopol yner is a chain of
repeati ng oxymnet hyl ene structures (-OCH,-), while the copol yner
has t he oxynethyl ene structure occasionally interrupted by a
conmononer unit such as ethylene.!®2° Polyacetal resins are
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TABLE 7. PRODUCTI ON OF PHENOL- FORVALDEHYDE RESI NS'®

Manuf act ur er

Locati on

Allied Corp.
The Bendi x Corp., subsid.
Friction Materials Div.

Ameri can Cyanam d Co.
Form ca Corp., subsid.

Ameri can Hoechst Cor p.
I ndust. Chens. Div.

AVETEK, | nc.
Haveg Div.
Ashland G I, Inc.

Ashl and Chem Co., subsid.

Chem Systens Div.
Foundry Products Div.

Bor den, I nc.
Borden Chem D v

Adhesi ves and Chens. Div.

Brand-S Cor p.
Cascade Resins, Div.

Chagrin Valley Co., Ltd.
Nevamar Corp., subsid.

Cark G 1 & Refining Corp.

G ark Chem Corp., subsid.

Cor e- Lube, Inc.

Green |sland, NY

Evendal e, OH

Mount Hol Iy, NC

W m ngton, DE

Col unbus, OH
Calunet CGty, IL
d evel and, OH

Denopolis, A

Di boll, TX
Fayetteville, NC
Frenmont, CA
Kent, WA

La Grande, OR
Loui sville, KY
M ssoul a, MI
Sheboygan, W
Springfield, OR

Eugene, OR

Gdent on, MD

Blue Island, IL

Danville, IL
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TABLE 7. Conti nued

Manuf act ur er Locati on

CPC Internat'l Inc.
CPC North Anerica Div.
Indust. Diversified Unit
Ante Resin Corp. Forest Park, IL

The Dexter Corp.
M dl and Div. VWaukegan, IL

General Electric Co.
Engneered Materials G oup
El ectromateri al s Busi ness Dept. Coshocton, OH
Schenect ady, NY

The P.D. George Co. St. Louis, MO
Ceorgi a-Paci fic Chem cal G oup Al bany, OR
Col unbus, OH
Conway, NC

Coos Bay, OR
Crossett, AR

Eugene, OR
Louisville, M
Lufkin, TX
Newar k, OH

Peachtree City, GA
Port Wentworth, GA
Russellville, SC
Taylorville, M

Wi ah, CA
Vi enna, GA
CGetty G| Co.
Chenbond Corp., subsid Andal usi a, AL
Spokane, WA

Springfield, OR
Wnnfield, LA

@l f Ol Corp.
@l f Gl Chenms. Co.
| ndust. Chens. Div. Al exandria, LA

Her esi t e- Seekaphen, Inc. Mani t owoc, W
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TABLE 7. Conti nued

Manuf act ur er Locati on

Hugh J. Resins Co. Long Beach, CA

I nland Steel Co.
Inland Steel Container Co., div. Alsip, IL

The Ironsi des Co. Col unbus, OH

Koppers Co., Inc.
Organic Materials Goup Bridgeville, PA

Lawter Internat'l Inc. Moundsvil l e, AL

Li bby- Onens- Ford Co.
LOF Pl astic Products, subsid. Auburn, NE

Masoni te Corp.
Al pi ne Div. @l fport, M

M nnesota M ning and Mg. Co.
Chem Resources Div. Cordova, I L
Cottage Grove, MN

Mobi | Cor p.
Mobil QI Corp.
Mobil Chem Co., Div.
Chem Coatings Div. Kankakee, IL
Rochester, NY

Monogram | ndust., Inc.
Spaul ding Fibre Co., Inc., subsid. De Kalb, IL
Tonawanda, NY
Monsant o Co.
Monsanto Pl astics & Resins Co. Addyst on, OH
Chocol at e Bayou, TX
Eugene, OR

Santa Cara, CA
Springfield, MA

Ni es Chem Paint Co.
Kordell [ndust., div. M shawaka, |IN

The O Brien Corporation-Sout hwestern
Regi on Houst on, TX
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TABLE 7. Conti nued

Manuf act ur er Locati on
Ccci dental Petrol eum Cor p.
Hooker Chem Corp., subsid.
Plastics & Chem Specialties Goup
Durez Materials Resins & Ml ding Kent on, OH

Ownens- Cor ni ng Fi ber gl ass Cor p.
Resins & Coatings Div.

Pl asti c Engi neering Co.
Pol ymer Applications, Inc.
Pol yrez Co., Inc.

Raybest os- Manhattan, |nc.
Adhesi ves Dept .

Rei chhol d Chens., Inc.

Vacuum Di v.
Rogers Corp.

Schenect ady Chens., Inc.

The Sherwin-WIIlians Co.
Chens. Div.

Nort h Tonawanda, NY

Barri ngt on,
Kansas City,
Newar k, OH
Waxahaci e, TX

Sheboygan,

Tonawanda,

Wbodbury,

NJ

NJ
KS

W

NY

Stratford, CT

Andover,
Carteret,
Detroit,
Kansas City,
Moncur e,

Sout h San Franci sco,

MA
NJ
M

NC

Taconma, WA
Tuscal oosa, AL

KS

Wite CGty, OR
Ni agara Fal | s,
Manchester, CT
Oyster Creek, TX

NY

Rot t er dam Juncti on,
Schenect ady,

For ds,

NJ

NY

CA

NY
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TABLE 7. Conti nued

Manuf act ur er

Locati on

Si npson Ti nber Co.
Oregon Overlay Div.

The Standard G| Co. (Ghio)

Sohi o I ndust. Products Co., div.

Dorr-Aiver Inc., unit
Uni on Car bi de Cor p.
Coatings Materials Div.

Uni ted Technol ogi es Cor p.
I nmont Cor p., subsid.

Val enti ne Sugars, Inc.
Valite Div.

West Coast Adhesi ves Co.
West i nghouse El ectric Corp.

Insulating Materials Div.
Mcarta Div.

Weyer haeuser Co.

Portl and, OR

Ni agara Falls, NY

Bound Br ook, NJ
El k G ove, CA

Anaheim CA
G ncinnati, OH
Detroit, M

Lockport, LA

Portl and, OR

Manor, PA
Hampt on, SC

Longvi ew, WA
Marshfield, W

Note: This listing is subject to change as market conditions change,

facility ownershi ps change,

pl ants are cl osed down, etc. The reader

shoul d verify the existence of particular facilities by consulting

current listings and/or the plants thensel ves.

The | evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity,

t hr oughput ,

and control measures and

shoul d be determ ned through direct contacts with plant personnel.
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used to produce a variety of parts for autonobiles, plunbing
fixtures, hardware, |awn and garden equi pnent, and sporting
goods. 1°
Process Description

Basi ¢ operations that may be used in the production of
pol yacetal resins from forml dehyde and trioxane are shown in
Figure 8. \Were formal dehyde is to be polynerized, the first
step in the process is the production of anhydrous
f or mal dehyde vapor from formal dehyde solution. Water is first
evapor ated from aqueous formal dehyde solution to form
sem formal s, parafornmal dehyde, and pol yoxynet hyl ene which are
purified and thermally deconposed to produce anhydrous
formal dehyde. Inpurities such as nmethanol, formc acid, and
wat er are renoved by washing with nonvol atil e polyols or by
freeze-trapping slightly above the boiling point of
f or mal dehyde. 18

Anhydr ous formal dehyde nmononer is then fed to an agitated
batch reactor with an inert diluent, initiators, and
di spersants, where it is polynerized at a | ow tenperature.
The pol yner nol ecul ar weight is controlled by the addition of
chain-term nation and transfer agents. The reaction is
term nated by stopping the flow of nonomer. The solid polyner
is separated fromthe diluent by filtration and
centrifugation. Chain ends are stabilized by treatnment with
acetic anhydride and refluxing to formacetyl groups. The
final product is then washed and dried. ®

In trioxane polymerization, trioxane is prepared from
aqueous fornal dehyde by acidification and distillation. The
trimer is then separated fromthe aqueous distillate by
extraction or crystallization before it is further purified by
fractional distillation. Trioxane nay then be polynerized by
bul k, suspension, or solution nmethods in the production of the
copol yner. Stabilization is acconplished by copol yneri zati on
with cyclic ethers.!®

The final polymer is extruded. Additives may be added
during extrusion. Extruded nolten polyner strands are
quenched in a water bath and then pelletized and stored.®
Em ssi ons

For mal dehyde em ssions nmay result fromthe storage of
aqueous fornmal dehyde solution (Vent A Figure 8) prior to feed
preparation. The major source of process and fugitive
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Figure 8. Basic operations that may be used for the production of polyacetal resins.
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em ssions is the feed preparation step (Source B)
For mal dehyde emi ssion factors fromthe production of
pol yacetal resins have been reported as foll ows: 121
S Process -- 0.09 to 0.37 kg/ My of 37 percent
f or mal dehyde used;

S For mal dehyde Storage--0.02 to 0.03 kg/ My of 37

percent formal dehyde used; and

S Fugitive--0.02 to 0.36 kg/ My of 37 percent

f or mal dehyde used.
No i nformati on was avail able on the basis of these estimates
or types of controls involved. Polyacetal resin production
plants may vary in configuration and |evel of control. The
reader is encouraged to contact plant personnel to confirmthe
exi stence of emtting operations and control technol ogy at a
particular facility prior to estimating its em ssions.
Source Locations

Maj or pol yacetal resin producers and their |ocations are
listed in Table 8.

HEXAVETHYLENETETRAM NE PRODUCTI ON

The main use of hexanethyl enetetramne is in the
production of cyclonite explosives for the mlitary. O her
uses are as curing agents for phenolic thernosetting resins
and as a conponent in the production of pneumatic tire
rubbers, insecticides, pharmaceuticals, and textile treating
agents. 10
Process Description

The maj or products of the hexanet hyl enetetram ne
production process are hexanet hyl enetetram ne and water.
Basi ¢ operations that may be used to produce
hexanet hyl enet etram ne are shown in Figure 9. Agueous
f ormal dehyde solution is first charged to a reaction kettle,
foll owed by ammonia gas in a 3:2 fornmal dehyde/ anmoni a nol e
ratio. During addition of the reactants, the tenperature is
mai nt ai ned at about 20 to 30°C #

The reaction mxture is then fed to a vacuum evapor at or,
where it is naintained at a tenperature between 30 and 50°C
and at a pHof 7 to 8 As water is renoved, the reactants
condense to form hexanet hyl enetetram ne. After nost of the
wat er has been renoved, the product forns crystals, which are
centrifuged, washed with water, and dried to yield the final
product. The water fromthe centrifuge and the wash water are
recycled to the system? The process yield is 97 percent.??
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TABLE 8. PRODUCTI ON OF POLYACETAL RESI NSs'®

Manuf act ur er Locati on Trade name

Cel anese Cor p.
Cel anese Plastics & Specialties Co., Div.
Cel anese Engi neering Resins, Dv. Bi shop, TX (Cel con®

E.l. duPont de Nenmours & Co., Inc.
Pol ymer Products Dept Par ker sburg, W  (Delrin®

NOTE: This listing is subject to change as market conditions change,
facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of
f or mal dehyde eni ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel
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NOTE: The Tetters §n this figure designate potential

@ | mmissions sources, as discussed 1n thls text.
A REACTOR EVAPORATOR

FORMAL- S
DEHYDE
G .
STORAGE T@ T@
AMMONIA N . FILTER DRYER HEXAMETHYLENE-
TETRAMINE

RECYCLE

Figure 9. Basic upefations that may be used in the production
of hexamethylenetetramine?]



Em ssi ons

For mal dehyde em ssi on sources include off-gases fromthe
reactor, waste water fromthe centrifuge wash bleed line, and
the drier vent.22 Formal dehyde em ssion factors fromthe
producti on of hexanet hyl enetetram ne have been estimated as
foll ows:®

- Process--0.38 kg/ My of 37 percent formnal dehyde used;

S For mal dehyde St orage--0.05 kg/ My of 37 percent

f or mal dehyde used;

and

S Fugitive-0.11 kg/ My of 37 percent formnal dehyde used.
No i nformati on was avail able on the basis of these estimates
or types of controls involved. Reference 12 reports that
there are virtually no process formal dehyde em ssions and t hat
storage and fugitive | osses total approximately 0.05 kg/ M.

Hexanet hyl enet et ram ne production plants may vary in
configuration and level of control. The reader is encouraged
to contact plant personnel to confirmthe exi stence of
emtting operations and control technology at a particul ar
facility prior to estimating the em ssions.
Source Locations

Maj or producers of hexanet hyl enetram ne and their
production locations are listed in Table 9.1
PENTAERYTHRI TOL PRODUCTI ON

Pentaerythritol is used in the production of al kyd resins
and oil -based paints. Oher uses include the manufacturing of
sonme synthetic lubricants for the autonobile industry.
Process Description

Maj or products of the pentaerythritol production process
are pentaerythritol, alkali formate, and water. Basic
operations that may be used in the production of
pentaerythritol are shown in Figure 10. Formal dehyde is
produced onsite at some plants for direct use as a feedstock
in this process.! Pentaerythritol is nmade by the condensation
reacti on of fornal dehyde and acetal dehyde in the presence of
an al kali solution. Myt plants use a batch process. 2

A sodi um hydroxi de solution or a cal cium hydroxide slurry
is added to a fornal dehyde solution in a reactor in which the
tenperature is controlled at 15° to 20°C. Liquid acetal dehyde
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TABLE 9. PRODUCTI ON OF HEXAMETHYLENETETRAM NE'®

Manuf act ur er

Locati on

Bor den, I nc.
Borden Chem Div.
Adhesi ves and Chens. Div.

WR Gace & Co.
I ndust. Chens. G oup
Organi cs Chens. Div.

Nuodex, | nc.

Cccidential Petrol eum Corp.
Hooker Chem Corp., subsid.

Plastics & Chem Specialties Goup

Durez Resins & Moul ding Materials

Pl astics Engi neering Co.

Wight Chem Corp.

Fayetteville, NC

Nashua, NH

Fords, NJ

Nort h Tonawanda, NY
Sheboygan, W

Acnme, NC

NOTE: This listing is subject to change as nmarket conditions change,

facility ownershi p changes,

pl ants are cl osed down, etc. The reader

shoul d verify the existence of particular facilities by consulting

current listings and/or the plants thensel ves.

The | evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity,

t hr oughput ,

and control measures and

shoul d be determ ned through direct contacts with plant personnel.
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Figure 10. Basic operations that may be used in the production of pentaerythrito].21



is then added to the m xture and an exotherm c reaction takes
pl ace. External cooling is used to control the tenperature at
about 25°C for several hours, and it is then raised to about
60°C. 2*

When t he al dehyde content of the m xture is |ess than 0.
percent, the reaction mxture is fed to the neutralizer tank
where formc acid, sulfuric acid, or oxalic acid is added to
neutralize the excess alkali. The acid also reacts with the
netallic ion of the alkali solution to forma salt, which can
be renoved by filtration.?

Next, the solution is fed to an evaporator, where water is
renoved to achieve a specific gravity of about 1.27. Lowering
the tenperature results in the crystallization of
pentaerythritol, which is renoved fromthe slurry by
filtration. The nmother liquor is fed to a recovery system 2

The filter cake can be dried to yield a technical grade of
the product or it nmay be purified further by conventi onal
nmet hods. Byproducts of the reaction include
pol ypentaerythritols (mainly dipentaerythritol and
tripentaerythritol) and linear and cyclic formals of the
various pentaerythritols. Based on acetal dehyde, the process
yield is 85 to 90 percent pentaerythritol including
pol ypent aerythritols.?

Em ssi ons

For mal dehyde may be emitted from fornal dehyde storage
(Vent Ain Figure 10), fromthe evaporator (Vent B), and from
the drier vents (Vent C).23 Fornmal dehyde em ssion factors from
t he production of pentaerythritol have been estimated as
fol l ows: 812

S Process--1.3 to 2.7 kg/ My of 37 percent fornmal dehyde

used;

S For mal dehyde Storage--0.002 to 0.33 kg/ My of 37

percent formal dehyde used; and

S Fugitive--0.14 to 0.15 kg/ My of 37 percent

f or mal dehyde used.

No i nformati on was avail able on the basis of these
estimates or types of control involved. Pentaerythritol
production plants may vary in configuration and | evel of
control. The reader is encouraged to contact plant personnel
to confirmthe existence of emtting operations and control
technol ogy at a particular facility prior to estimating its
em ssi ons.

Source Locations

Maj or producers of pentaerythritol and their production

| ocations are listed in Table 10.
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TABLE 10. PRODUCTI ON OF PENTAERTHRI TOL'®

Manuf act ur er Locati on
Cel anese Cor p.
Cel anese Ceh. Corp., Inc. Bi shop, TX

Her cul es I nc.
Qperations Div. Loui sana, MO

Internat'l Mnerals & Chem Corp.
| MC Chem G oup

I ndust. Chens. Div. Seiple, PA
Perstorp Inc. Tol edo, COH
Note: This listing is subject to change as market conditions change,

facility ownershi ps change, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel.
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1, 4- BUTANEDI OL PRODUCTI ON

1,4-Butanediol is used primarily in the production of
t et rahydrof uran and pol ybutyl ene terephthal ate. '°
Process Description

1, 4- But anedi ol , al so known as 1, 4-butylene glycol, is
produced by a two-step process. The first step involves the
hi gh- pressure reaction of acetyl ene and aqueous fornal dehyde
solution to form1,4-butynediol.? |In the second step,
1, 4-butynedi ol is hydrogenated to form 1, 4- but anedi ol . Excess
hydrogen i s added during the exotherm c hydrogenation reaction
to control the reaction tenperature. ?®
Em ssi ons

For mal dehyde emi ssion factors fromthe production of
| , 4- but anedi ol have been estimated as follows: 812

- Process--2Z-0.74 kg/ My of 37 percent fornmal dehyde

used;

S For mal dehyde Storage--0.005 to 0.2 kg/ My of 37

percent formal dehyde used; and
S Fugitive--0.005 to 0.2 kg/ My of 37 percent
f or mal dehyde used

No i nformati on was avail able on the basis of these estimates
or types of controls involved. Reference 12 indicates that
process emssions will be elimnated if flared.

1, 4- But anedi ol production plants may vary in configuration
and |l evel of control. The reader is encouraged to contact
pl ant personnel to confirmthe existence of emtting
operations and control technology at a particular facility
prior to estimating its em ssions.
Source Locations

Maj or producers of |, 4-butanediol and their |ocations are
listed in Table 11.
TRI METHYLOLPROPANE

Tri met hyl ol propane is used primarily in the production of
urethane coatings and resins. It is also used in sone
synthetic lubricants.°
Process Description

Tri met hyl ol propane is al so known as hexagl ycerol. There
is little published information avail able on the processes
used in the production of this chemi cal. Trinethyl ol propane

can be produced by the reaction of n-butyral dehyde with
f or mal dehyde and al kali.?*
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TABLE 11. PRODUCTI ON OF 1, 4- BUTANEDI OL*®

Manuf act ur er Locati on

BASF Wandotte Corp.
I ndust. Chens. G oup

I nternedi ate Chens. Div. Gei smar, LA
E.l. DuPont de Nenmours & Co., Inc.
Chens. and Pignments Dept. La Porte, TX
GAF Cor p.
Chem Products Calvert Gty, KY
Texas City, TX
Note: This listing is subject to change as market conditions change,

facility ownershi ps change, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel.
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Em ssi ons
For mal dehyde em ssion factors fromthe production of
tri met hyl ol propane have been estimated as foll ows:?8
-- Process--0.074 kg/ My of 37 percent formal dehyde used,;
-- For mal dehyde St orage--0.01 kg/ My of 37 percent
f or mal dehyde used; and
-- Fugitive--0.01 kg/ My of 37 percent formal dehyde used.
No information was avail able on the basis of these estinmates or
types of controls involved. Trinethylopropane production plants
may vary in configuration and |level of control. The reader is
encouraged to contact plant personnel to confirmthe existence of
emtting operations and control technology at a particul ar
facility prior to estimating its em ssions.
Source Locations
Maj or producers of trinmethyl ol propane, which are published
in the SRI Directory of Chem cal Producers for 1983, are |listed
bel ow: ¢
-- Wtco Chem Corp.
Organics Div. Houston, TX
-- Atlantic Richfield Co.
Anaconda | ndust. Div.
Alum num Div. West Chester, PA
This listing is subject to change as market conditions
change, facility ownership changes, plants are cl osed down, etc.
The reader should verify the existence of particular facilities
by consulting current listings and/or the plants thenselves. The
| evel of formal dehyde em ssions fromany given facility is a
function of variables such as capacity, throughput, and control
measures and shoul d be determ ned through direct contacts with
pl ant personnel .
4, 4- NETHYLENEDI ANI LI NE PRODUCTI ON
4,4 1- Methyl enedianiline (MDA) is fornmed by condensation of
aniline and formal dehyde. MDA is usually converted into
met hyl enedi phenyl isocyanate (MDI) by phosgenati on of the MDA
salt.?® WM is used in the production of polyurethanes for
reaction injection nolding in the autonobile industry.?
Process Description
The production of MDA is a two-stage process. First,
aniline is neutralized with concentrated hydrochloric acid in
aqueous solution at 100°C to formaniline hydrochloride. This
solution is cooled to 15°C, a 40 percent fornal dehyde solution is
added, and the resulting mxture is then heated at 55 to 60°C
for 4 hours. The reaction mxture is chilled again, and the

product is precipitated out with dilute amroni um hydr oxi de.
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TABLE 12. PRODUCTI ON OF 4, 4- METHYLENDI ANI LI NE'* ¢

Manuf act ur er Locati on

ICl Anericas Inc.

Rubi con Chens. Inc., subsid. CGei smar, LA
Adin Corp

Adin Chens. G oup Moundsvill e, W

Uni royal Inc.
Uni royal Chem, Div. Naugat uck, CT

The Upj ohn Co.
Pol ymer Chens. Div. La Porte, TX

Not e:

This listing is subject to change as narket conditions change,
facility ownershi ps change, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel
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The product may be purified further by recrystallization from
al cohol or water. 2
Em ssi ons

No fornal dehyde em ssion sources or formal dehyde em ssion
factors are reported in the available literature for the MDA
production process.
Source Locations

Maj or producers of MDA and their production |ocations are
listed in Table 12.
PHTHALI C ANHYDRI DE PRODUCTI ON

Producti on of phthalic anhydride is achieved by the
catal ytic air oxidation of o-xylene or naphthal ene.
For mal dehyde and ot her oxygenated conpounds are produced as a
byproduct of this reaction.
Process Description

Basi ¢ operations that may be used for the production of
phthal i c anhydride are presented in Figure 11.2¢ Either
napht hal ene or o-xylene is fed to a reactor and converted, with
air, to phthalic anhydride by vapor-phase oxidation in the
presence of a vanadi um pentoxi de catal yst.?* The gaseous
product is condensed and dehydrated to renove water forned
during the reaction. The crude phthalic anhydride is then
stripped of light ends and distilled under vacuum for final
purification.
Em ssi ons

The main process waste gas fromthe phthalic anhydride
condensers (Source Ain Figure 11), may contain a small anount
of formal dehyde and is controlled either by a
scrubber-incinerator conbination or by direct incineration.
The latter nethod has the advantage of providing control of
car bon nonoxi de as well as the organic species in the waste
gas. Use of direct incineration has been reported at an
o- xyl ene- based pl ant.?

The uncontrol | ed formal dehyde em ssion factor fromthe
pht hal i ¢ anhydri de switch condensers and the controlled
f or mal dehyde em ssion factor fromthe direct incineration
control systemare estimted as foll ows: ?

-- Uncontrolled -- 2.1 kg/ My of phthalic anhydride

-- Controlled -- 0.074 kg/ My of phthalic anhydride
Pht hal i ¢ anhydri de production plants may vary in configuration
and |l evel of control. The reader is encouraged to contact
pl ant personnel to confirmthe exi stence of emtting operations
and control technology at a particular facility prior to
estimating its em ssions.
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Source Locations

Maj or phthalic anhydride producers and their |ocations are
listed in Table 13.1
USE OF FORVALDEHYDE- BASED ADDI TI VE' S I N SOLI D UREA AND UREAFORM

For mal dehyde is used in the production of conditioning
agents for solid urea and in the production of ureaform
fertilizers. Solid urea is used as a fertilizer, as a protein
suppl ement in animal feeds, and in plastics manufacturing.

Solid urea is produced by first reacting ammonia and CO, to
form an aqueous urea solution. This solution is sold as an
ingredient in nitrogen-solution fertilizers or further
concentrated to produce solid urea. Urea solids are produced from
the concentrated solution by two nethods: prilling and
granulation.?® Prilling is a process by which solid, nearly
spherical particles are produced fromnolten urea. Mlten urea
is sprayed fromthe top of a prill tower, and as the droplets
fall through a countercurrent air flow, they cool and solidify
into nearly spherical particles. There are two types of prill
towers: fluidized bed and nonfluidi zed bed. The nmgjor
di fference between these towers is that a separate solids cooling
operation nmay be required to produce agricultural-grade prills in

a nonfluidized bed prill tower.?°

Granul ation is nore popular than prilling in producing solid
urea for fertilizer. There are two granulation nmethods: drum
granul ati on and pan granulation. In drumgranulation, solids are

built up in layers on seed granules in a rotating drum
granul at or/ cool er approximately 14 feet in dianmeter. Pan
granul ators also formthe product in a |layering process, but
di fferent equi pnment is used. Pan granulators are not conmon in
this country. 3°

Just prior to solids formation, formal dehyde-based additives
(FBA's) are injected into the liquid or nolten urea to harden the
product, reduce dust generation during handling, and provide
anti caking properties for storage. The two nost comonly used
FBA's in the fertilizer industry are formalin and
urea-formal dehyde (U-F) concentrates. Formalin is an aqueous
f or mal dehyde sol ution stabilized with nmethanol, whereas
U-F-concentrates are a solution of 25 wei ght percent urea, 60
wei ght percent formal dehyde, and 15 wei ght percent water. Upon
injecting FBA into the liquid or nolten urea, fornmal dehyde reacts
with urea to form nethyl enediurea (MDU), which is the
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TABLE 13. PRODUCTI ON OF PHTHALI C ANHYDRI DE®

Manuf act ur er Locati on Raw mat eri al
Badi sche Cor p. Kear ny, NJ Pur chased o-xyl ene
Exxon Cor p.
Exxon Chem Co., Div.
Exxon Chem Anericas Bat on Rouge, LA Transferred o-xyl ene from Baytown, TX

Koppers Co., Inc.

Organic Materials Goup Bridgeville, PA Desul furized coal -tar napht hal ene
Cicero, IL Pur chased o-xyl ene or napht hal ene
Monsant o Co.
Monsant o | ndust. Chens. Texas City, TX Purchased and transferred o-xyl ene
Monsant o Pol ynmer Products Bri dgeport, NJ Pet r ol eum napht hal ene

St apan Chem Co.
Sur f act ant Dept . Mllsdale, IL Pur chased o-xyl ene

United States Steel Corp.
USS Chens., Div. Nevill e Island, PA Desul furized coat-tar naphthal ene

NOTE: This listing is subject to change as market conditions change, facility ownership changes, plants
are cl osed down, etc. The reader should verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of fornal dehyde enissions fromany given
facility is a function of variables such as capacity, throughput, and control neasures and shoul d be
determ ned through direct contacts with plant personnel.
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true conditioning agent. FBA is usually added to urea at a
level of 0.3 to 0.5 weight percent fornmal dehyde. 3!

Ueaformis a slowrelease fertilizer produced froma
m xture of urea, U F-concentrate, sodium hydroxide, and water.
The reaction to produce ureaformis initiated by adding acid,
formng a wide distribution of nethyl ene-urea polyners, simlar
to the MDU in solid urea. The initial concentration of
f ormal dehyde in the ureaform process is nuch higher than in
solid urea production.?

Test data have indicated that fornmal dehyde is emtted
during the urea solids production process as presented in Table
14.323 However, these data were collected by the chronotropic
anal ysi s nethod, which is not selective for free fornal dehyde.
Thus, the test results show the total fornal dehyde present,
both in free formor tied up in chem cal conpounds such as MU
Ref erence 31 indicates that sone free fornmal dehyde may be
emtted during the transfer of FBA's to the urea process or
during mai ntenance operations on equi pnent containing or
contam nated with FBA's.

Em ssion sources include fluidized bed prilling and drum
granul ation operations. Uncontrolled em ssion rates from
prill towers nay be affected by factors such as product grade

bei ng produced (agricultural or feed grade), air flowrate

t hrough the tower, type of tower bed, and anbient tenperature
and humdity. Uncontrolled em ssions per unit of production
are usually lower for feed-grade prills than for
agricultural-grade prills due to |lower airflows.?®

Em ssion rates fromdrum granul ators may be affected by
paraneters such as rotation rate of the drum product size,
recycle rate of seed material, bed tenperature, solution spray
pressure, and airflow rates through the drum3® Controlled
em ssion factors in Table 14 are for prill towers and
granul ators controlled with wet scrubbers.

Em ssion estimtes for formal dehyde from ureaform
producti on were not available. Producers of urea-fornal dehyde
concentrates, which are used in the manufacture of solid urea
and ureaform were reported for 1978 as foll ows: *°

-- Getty Ol Co. (Hawkeye Chem cal Co.)

-- Her cul es, Inc.

- - Kai ser Al um num & Chem cal Corp.

-- Lebanon Chem cal Corp.

- - OM Scott & Sons

- - WR  Gace & Co.
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TABLE 14. FORMALDEHYDE EM SSI ONS FACTORS FOR SOLI D UREA
PRODUCTI ONF 3233

Uncontrol | ed Control | ed
f or mal dehyde Per cent f or mal dehyde
em ssi on control em ssion factor®e
Emi ssi on source factor®c (kg/My) efficiency® (Kag/ My)
Fl ui di zed bed
prilling
agricul tural grade 0. 0095 95.4 0. 0004
feed grade 0. 0020 74.8 0. 0005
Drum granul ati on 0. 0055 50.2 0. 0027
a Any given solid urea production plant may vary in configuration and | evel
of control. The reader is encouraged to contact plant personnel to confirm

t he existence of emtting operations and control technology at a particul ar
facility prior to estimating its em ssions.

b These data were collected by the chronotropi c anal ysis nethod, which is not
sel ective for free formal dehyde. Thus, these emi ssions factors are for
total formal dehyde present, whether in free formor tied up in chem ca

conmpounds such as met hyl enedi urea (VDU).

¢ Emission factors refer to kilograns of fornal dehyde enitted per megagram of
solid urea produced.

d Control efficiencies are for wet scrubbers.
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Producers of formal dehyde, which is usually sold as an agueous
solution called formalin, are listed previously in Table 4.

M SCELLANEQUS RESI N APPLI CATI ONS

Gener al

Resi ns produced from formal dehyde find a w de range of
applications. Over 65 percent of U F resins are used as
adhesives in the production of particleboard, medi umdensity
fi berboard, and hardwood plywood. The U-F resins are al so used
to produce hone insul ation, which accounted for over 6 percent
of the resin use in 1977. Qher uses of UF resins are in the
textile, paper, and coatings industries and for adhesives for
appl i cations outside the construction industry. These other
uses each account for less than 5 percent of the U F resins
produced. 3* Al nost 50 percent of phenol -formal dehyde (P-F)
resins are used in the production of structural wood panels
(soft plywood, oriented strandboard) and nol di ng conpounds.
About 17 percent of P-F resins are used as binders in the
production of insulation. Oher uses are in the production of
foundry nolds, |am nates, particleboard, friction materials,
and abrasives. Each of these other uses accounts for |ess than
8 percent of the P-F resin produced.

Pol yacetal resins are used to produce a large variety of
parts for autonobiles, plunbing fixtures, hardware, |awn and
garden equi pnent, and sporting goods. A new area of possible
application is nolding for seat backs in autonobiles.

Approxi mately 60 percent of the nel am ne-fornmal dehyde
(MF) resins produced are used for high-pressure | am nates such
as counter and table tops. The MF resins are al so conpression
nol ded to formdinnerware. The MF resins are used in coatings
for autonobiles, appliances, and netal surfaces of other
products. There is increasing use of nethylated and butyl ated
MF resins in place of solvent-based coatings. '

Em ssi ons

Phenol - f or mal dehyde and pol yacetal resins are fairly
stable in the presence of normal heat and water. The U-F
resins have a tendency to deconpose in the presence of norma
heat and noisture to produce fornal dehyde gas.' No infornmation
was avail able on the stability of MF resins.

For mal dehyde emi ssions occur during resin applications in
production processes as well as during the use of products that
contain these resins. For exanple, the use of UF resins in the
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production of paneling and furniture often results in em ssions
of formal dehyde in the factories where these products are nade.
O fgasing of formal dehyde nay al so occur during the use of

t hese products by consuners. One source reports that nost of

t he unreacted fornmal dehyde is renoved during the manufacture of
t he products; 3 however, chronic em ssions may occur after the
excess free formal dehyde is renoved as the urea-fornal dehyde
resins hydrolyze slowy in contact with noisture.3%3% A series
of tests on various consunmer products showed the nost potenti al
for formal dehyde rel ease from pressed-wood products

(particl eboard and pl ywood) and nuch | ess potential from new
unwashed cl ot hes, fiberglass insulation products contai ning

f or mal dehyde resins, paper products, fabrics (cotton, nylon,

ol efin, and bl ended), and foam backed carpets.?

Pressed- wood Manuf act uri ng- -

Em ssions from pressed-wood products result as conpounds
in the resin used to bind the chi ps evaporate when heat ed.
These em ssions usually exit through exhaust fans nounted on
t he roof above the presses. Georgia Pacific's hardboard pl ant
in Lebanon, Oregon, is the only plant in the country attenpting
to control em ssions fromthe press vents. A spray chanber
contai ning 80 spray nozzles continuously sprays the exiting
press vent gases with water to renove fine particulate natter
fromthe exhaust gas. The spray chanber, installed in 1972,
has never been tested, so no information is avail abl e regarding
pol I utant renoval efficiencies.

The type of resin used and, thus, the conpounds present in
its fornul ation vary dependi ng upon the type of panel being
manufactured. The U-F resins are primarily used in the
production of particleboard and nedi umdensity fi berboard.
These panels typically contain 8 to 9 percent (Ww resin. The
U F resin is used in applications where the final product wll
not be subject to weathering. The P-F resins are used in the
production of particl eboard, waferboard (WB), and oriented
strand board (OSB). Structural particleboard made with P-F
resins contains approximtely 7 percent (ww resin, and WB and
OSB contain approximately 2 percent (wWw) resin. The P-F
resins are nore resistant to noisture than U-F resins.

The National Council of the Paper Industry for Air and
Stream | nprovenent (NCASI) published two technical bulletins in
1986 that investigated the rel ease of fornmal dehyde from press
vents in the wood panel board i ndustry. 33 One NCASI study
concluded that three major factors affect the rel ease of
f ormal dehyde from press vents: (1) the excess fornal dehyde
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content of the resin, (2) the anount of resin used, and (3) the
press tenperature.3® These factors are di scussed bel ow.

Excess formal dehyde is the anmount of fornmal dehyde in the
resin in excess of the anpbunt required for stoichionetric
reaction with the urea or phenol in the resin. The em ssion
rates have been shown to increase in proportion to the increase
in the free formal dehyde content of the resin. The excess or
free formal dehyde contents of resins are often held proprietary
by resin manufacturers. NCASI showed that where such
informati on was avail able, the data indicated that 5 to 15
percent of the excess formal dehyde in the panel board was
emtted during the pressing and board cooling operations. 38

One nethod to determine the potential of resins to emt
f or mal dehyde during particl eboard manufacture would be to use
t he excess formal dehyde content of the resin (cal culated on the
basi s of the anobunt of fornmal dehyde in excess of the anount
needed to react stoichionetrically with the other reactive
constituents in the resins). However, resin manufactures wl |l
not divul ge sufficient information about their resins to all ow
t hese cal cul ati ons to be nade.

The NCASI study showed that the em ssion rate of
f or mal dehyde i ncreased in proportion to the anbunt of resin
used in the panel board and the press tenperature. The
f or mal dehyde em ssion factors ranged between 0.30 and 0.75
| b/ t housand square feet of product using U-F resin.?38

The NCASI study al so showed that the formal dehyde
em ssions from particl eboard press vents are related to the
anount of excess fornmal dehyde in the unpressed boards | oaded
into the press. 1t would appear that fornmal dehyde em ssion
rates coul d be reduced by using | ess excess fornmal dehyde in the
resin.

The industry has al ready decreased the anobunt of excess
formal dehyde in resins in order to reduce the em ssions of
f or mal dehyde fromthe finished product into the living or work
space. This reduction of excess formal dehyde in the resin also
resulted in | onger press times and, hence, reduced production
rates.

In an effort to elimnate the potential for formal dehyde
em ssi ons, nethyl ene di phenyl dii socyanate (MDI) resins have
been used by sone manufacturers. The MD resins produce a
hi gher-strength panel than do the U-F or P-F resins.

Therefore, manufacturers are able to use less MD resin to neet
the industry's product standards. However, MD resins are nuch
nore expensive than U-F or P-F resins, and panels produced wth
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MDI resins tend to stick to the presses. Two approaches have
been used to prevent the panels fromsticking. One is to spray
the presses lightly with an antisticking agent between press
cycles. Another approach is to use UF or P-F resins to bind
the material on the two outer surfaces of the panel. The core
of the panel is bound with the MDI resin. This reduces the
amount of formal dehyde available to volatilize, and the panel
retains the structural strength provided by the M resin.

Two recent tests for VOC em ssions at Louisiana Pacific
pl ants shed sone light on the | evel of VOC em ssions that m ght
be expected from press vents. 4°

VOC EM SSI ON FACTORS FOR PRESS VENTS*

VOC emni ssi on

factor,Ib

Pl ant Resin VOC/ t on product
Hayward, Ws. 100 percent MDI 0. 36
Sagol a, M ch. 50 percent liquid P-F for 0. 56

surface and 50 percent
MDI for the core

This data can be used to estimte VOC enissions for 100 percent
P-F resin, since data collected by Interpoll Labs has shown
that the MD is not volatilized. This being the case, the 100
percent MDI test VOC em ssion factor is indicative of the VOC s
emtted fromthe wood itself (E,), and the 50:50 test
corresponds to the VOC s emtted fromthe wood and fromthe P-F
resin in the surface (E). The general relationship is shown
bel ow:

E =E + E + E + En,

wher e:
E. = total VOC em ssion factor
E, = VOC em ssion factor due to VOC s emtted fromthe wood,
E. = VOC enission factor due to VOC s emtted fromP-F resin
in the core;
E. = VOC em ssion factor due to VOC S enitted fromP-F

resin on the surface; and
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Ewm = VOC enm ssion factor due to volatilization of MD = O.
In the case where 100 percent MDI was used:
E.=E =Eo =0,

and t hus:

0.36 =, +0+0+0

E, = 0.36 | b VOO ton product.

This is equivalent to saying that the use of 100 percent MNDI
all ows estimation of the base VOC em ssion factor for the wood
in the board. A plant using 50 percent MD (in the core) and
50 percent P-F resin (on the surface) is represented in terns
of the general equation as follows:

0.56 = E, + E. + E..
Since E, = 0.36 and E. = 0 because MD was used in the core,
t hen:

0.56 = 0.36 + 0 + E, and

E; = 0.20 I b VOC/ton product.
Now, if it may be assuned that E. < E; (which is a very safe
assunption, since loss of P-F fromthe core is nuch less likely
than |l oss of P-F fromthe surface of the waferboard), then the
total VOC em ssion factor where 100 percent P-F is used nay be
cal cul ated as foll ows:

E =E +E +E,

wher e:
E, = 0. 36;
E = 0. 20;
E. < 0.20
E. = 0.36 + 0.20 + < 20.20, and
E. < 0.76 I b VOC/ ton product.

Thi s anal ysis suggests that use of M resins instead of
P-F resins would result in a reduction of at |east 50 percent
in VOC em ssions.

In addition to press vents, wood furnish dryers are al so
sources of formal dehyde em ssions. 1In a study by NCASI
designed to determ ne the em ssion rates of formal dehyde and
ot her conpounds emtted from wood furnish dryers, a range of
typi cal em ssion factors were devel oped for use in preparing
em ssion estimates for air discharge permts.* The study
i ndicates that the concentration of formal dehyde in the dryer
exhaust is a function of the dryer inlet tenperature. The
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formal dehyde emi ssion rate at dryer inlet tenperatures bel ow
900°F was less than 0.085 | b/ton of product. At inlet

t enper at ures above 1000°F, the fornmal dehyde enission rates
ranged fromO0.01 to 1.1 | b/ton of product.

Furni ture Manufacturing--

In the absence of furniture plant formal dehyde eni ssions
data, the avail abl e range of particl eboard manufacturing
f or mal dehyde em ssions data may be used to predict a worst-case
f or mal dehyde em ssions estimate for furniture manufacturing.
This estimate i s possi bl e because both industries use simlar
U-F adhesive resins and both utilize board pressing operations
at el evated tenperatures and pressures.

However, in furniture plants it is possible that a smaller
percent of the excess fornmal dehyde in the adhesive resin is
emtted than in particleboard plants. Fornmal dehyde em ssions
fromfurniture plants are probably | ower because: (1) presses
in furniture plants operate at nuch | ower tenperatures, (2)
furniture presses have sonewhat shorter cycle tinmes than those
in particleboard plants, and (3) the physical configuration of
furniture pieces is different than that of particleboards. (In
a furniture piece, a veneer barrier protects the nmajor glue
surface fromdirect exposure to air, while no such continuous
barrier inhibits formal dehyde evaporation during the
particl eboard pressing cycle.)?

Ur ea- f or mal dehyde Foam | nsul ati on Manuf act uri ng- -

For mal dehyde may evol ve from urea-formal dehyde foam
i nsulation (UFFI) used in residential applications. The
insulation is fornmed by the conbination of the resin with a
foam ng agent and air, producing a liquid foamthat is sprayed
into the outer walls of existing homes. The foamfills the
space between the walls and hardens in less than a mnute.®
For mal dehyde is rel eased during foam ng due to excess
formal dehyde in the U-F resins and continues to be emtted | ong
after hardening due to hydrol ytic deconposition of the UFFI
One series of tests denonstrated significant potential for
f ormal dehyde em ssions at |east 16 nonths after initial UFFI
installation.36 1In 1982, the Consuner Products Safety
Comm ssion (CPSC) placed a ban on the use of UFFI. However,

t he ban was overturned in August 1983 and CPSC declined to
appeal it.*

Sufficient informati on was not found to estinmate em ssion
rates fromresin and resin product uses in actual applications.
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Source Locations

SI C codes for m scel |l aneous manufacturing applications of
resins are listed in Table 15.
MANUFACTURI NG M NOR PRODUCTS USI NG FORVALDEHYDE AS A FEEDSTOCK
Gener al

For mal dehyde is used in a wi de range of industrial and
consuner applications. Because formal dehyde i s sonmewhat
unstable in its pure nononeric form it is usually converted to
a variety of forns including a solid polyner
(par af or mal dehyde), formnal dehyde/ water sol utions called
formalin, and fornal dehyde/ al cohol sol utions called Forntel s®
Much of formalin is used by the textile, |eather, and dye
i ndustries. Because of its lighter weight and | ower shi pping
costs, nuch of the parafornal dehyde is used in industrial
applications in plants that are |ocated at | ong distances from
a fornmal dehyde producer.

One of the m nor uses of fornmal dehyde is in the production
of chel ating agents such as nitrilotriacetic acid (NTA) and
et hyl enedi am netetraacetic acid (EDTA). Chelating agents are
chem cal s used in the manufacture of consumer products such as
detergents, water softening chemcals, and fertilizers.?

Pyri dine manufacture is an inportant consuner of
formal dehyde. Pyridine is used as a solvent in the manufacture
of sone pharmaceuticals and as an internediate chemical in the
production of other pharmaceuticals such as antihistam nes. It
is also used in the rubber industry as an accelerator and in
the textile industry for waterproofing fabrics. Under norma
condi tions, pyridine chemcals will not emt formal dehyde.

Smal | quantities of formal dehyde are used to convert
certain conmpounds to diols. A typical exanple is the
condensation of nitronethane with formal dehyde to give
2-ni tropropane-3, 3-diol, which can be bromnated to
2- brono- 2-ni tropropane-1, 3-diol, an antimcrobial preservative
used in some consuner products such as aerosol insecticides.
These condensation products formed from nitroparaffins and
f or mal dehyde regenerate fornmal dehyde in the presence of
al kal i . 1°

A smal |l anount of fornmal dehyde is used to produce sodi um
f or mal dehyde bisul fite and sodi um f or mal dehyde sul foxyl ate for
use in making dyes for the textile industry.

73



TABLE 15. STANDARD | NDUSTRI AL CLASSI FI CATI ON CODES FOR
MANUFACTURI NG PROCESSES ENGAGED | N RESI N APPLI CATI ONS*

Resi n and use

Ur ea- For mal dehyde
Particl eboard

Fi breboard

I nterior plywood
Foam i nsul ati on
Textil es

Paper

Sur face coatings
Adhesi ves

Phenol - For nal dehyde

CQut door pl ywood
Mol di ng conpounds
| nsul ati ons
Foundry nol ds

Lam nat es

Particl eboard
Friction material s
Abr asi ves

Pol yacet al

Pl unmbi ng fixtures
Har dwar e

Sporting goods

Mel am ne- For nal dehyde

Count ert ops
Di nnerwar e
Sur face coatings

S| C code
2492
2661
2435, 2436

1742, 2899( i nsul ati ng conmpounds)
22, 23

26

2641, 2851, 3479

2891

2435, 2436

2821

2899 (insul ati ng conpounds)
3565

2435, 2436, 2439

2492

3499

3291

3079
3079
3949

2541, 2542
3079 (dishes, kitchenware)
2641, 3479
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Phenol i c resins containing formal dehyde are an additive
used in the production of tires. The formal dehyde is believed
to remain in the tire as part of the product.®

Em ssi ons
Par af or mal dehyde has a tendency to deconpose and rel ease
f ormal dehyde gas. |In nost other forns, formal dehyde gas wl |

only be rel eased under extrene conditions such as conbustion.
No quantitative data are avail abl e on fornmal dehyde em ssions
fromthe manufacture of mnor products.

Source Locations

Manuf acturers of the chem cals discussed above are |isted
in Table 16.

M SCELLANEQOUS COMVERCI AL/ CONSUMER USES OF FORMALDEHYDE
Gener al

For mal dehyde is sold directly for consuner or commrerci al
use in several forms, such as in a 37 percent solution
(formalin) and in a solid form (parafornmal dehyde).

Al t hough only a small amount of formal dehyde use is
devoted to consuner and conmercial products, its |ow cost and
uni que capabilities cause it to be used in a wide variety of
products. Fornmal dehyde is an excellent enbal m ng agent and its
preserving capabilities cause it to be routinely used in al nost
every high school and college biology |aboratory. Its
capability to control the growh of bacteria is inportant to
many consuner products, and manufacturers add trace anounts of
f or mal dehyde to products that woul d ot herw se support bacteri al
grom h. Formal dehyde is added to cosnetics such as mascara to
prevent bacteria fromthe eye fromgrowi ng in the unused
pr oduct . 1°

In the South, where tenperatures and hum dity are high,
par af or mal dehyde in small cloth bags is hung in closets to
rel ease formal dehyde gas which prevents growth of nolds
(mldew). Barber shops frequently use dilute solutions of
f ormal dehyde to disinfect scissors and conbs. Farners spray
dilute solutions of formal dehyde on ani nal feeds and seeds to
prevent bacterial growth. Sone agricultural diseases are
controll ed by spraying dilute solutions of fornal dehyde
directly on the ground. Fornmal dehyde is added to oil well
drilling nuds to prevent bacterial growth in starches that are
added as thickening agents. Sone room deodori zers use
f or mal dehyde because of its ability to react with amoni a and
hydrogen sulfide and to reduce the sensitivity of one's sense
of snmell. Sonme dry cleaning processes use fornmal dehyde
di spersed in cleaning solvents for disinfecting.® The textile
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TABLE 16.

MANUFACTURERS OF M NOR PRODUCTS USI NG FORMALDEHYDE AS A FEEDSTOCK'®

Chel ati ng Agents
- EDTA

Pyri di ne Compounds

Ni troparaffin Derivatives

Sodi um For mal dehyde Bisulfite

Sodi um For mal dehyde Sul f oxyl at e

Ci ga- Gei gy Corp.

Dyestuffs and Chens. Div.

Dow Chem U. S. A
WR Gace & Co.
I ndust. Chens. G oup
Organic Chens. Div.
M|l master Onyx G oup
Lyndal Chem, div.
Rockl and | ndust., Inc.
Vi nni ngs Chem Co.
WR Gace & Co.
I ndust. Chens. G oup
Organic Chens. Div.
Monsant o Co.

Monsant o | ndust. Chens.

Al drich Chem Co., Inc.
Nepera Chem Co.
R S. A, Corp.

Reilly Tar & Chem Corp.

Angus Chem Co.

Dan Ri ver, Inc.
Chem Products D v.

Di amond Shanr ock Cor p.
Chem Unit

Process Chens. Div.
Royce Chem Co.

Ml nt osh, AL
Freeport, TX

Nashua, NH

Lyndhurst, NJ
M ddl eboro, MA
Marietta, GA

Nashua, NH
Chocol at e Bayou, TX

M | waukee, W
Harri man, NY
Ardsl ey, NY

I ndi anapolis, IN

Sterlington, LA

Danvill e, VA

Carl stadt, NJ
East Rutherford, NJ

76



NOTE:

This listing is subject to change as narket conditions change,
facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of

f or mal dehyde eni ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and control neasures and
shoul d be determ ned through direct contacts with plant personnel.
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i ndustry uses finishing agents containing formal dehyde to treat
fabric and give it a desired surface effect (i.e., flane

resi stance, crease-proofing, noth-proofing, water repellency,
shri nk-proofing).*

El ectroless plating is a process used for plating surfaces
wi th nickel, copper, or silver that does not enploy the use of
el ectrolysis. The process includes etching, neutrali zing,
catal ysis, acceleration, and el ectrol ess bath. The el ectrol ess
bath for copper and silver usually contains formal dehyde which
acts as an oxidizing agent. Anpong the products produced by
el ectroless plating are auto parts, circuit boards, mrrors,
and architectural reflective glass. Mrror production is the
| argest application for electroless silver. There are also a
few specialty applications in the electronics industry for
el ectroless gold and platinum* |n a 1985/1986 netal finishing
i ndustry job shop industry profile the information collected
i ndi cated that 22 percent of all job shops in the US., or
approxi mately 885 shops, offered electrol ess plating of one
t ype or anot her.

Em ssi ons

Only about two percent of the paraforml dehyde produced in
the United States is used in consumer products. However,
because of the tendency of parafornal dehyde to deconpose and
rel ease fornmal dehyde gas, consumer products containing
par af or mal dehyde will be a source of formnal dehyde eni ssions.

In nost other fornms, formal dehyde gas will only be rel eased
under extrene conditions such as conbustion.® No quantitative
data was avail abl e on formal dehyde em ssions from consumer or
conmer ci al uses of formal dehyde.

COVBUSTI ON SOURCES

| nt r oducti on

For mal dehyde is a product of inconplete conbustion in nost
fuel -burning operations and is emtted with other conbustion
products in the exhaust. The concentration of formal dehyde in
exhaust gas from fuel conbustion is generally very |ow, but
because of the | arge amount of fuel consuned, fuel burning
accounts for a large quantity of formal dehyde em ssions.
Because fornal dehyde em ssions fromfuel burning result from
i nconpl ete conbustion, em ssions vary from source to source
dependi ng on a nunber of paraneters, such as excess air and
flame tenperature.
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Conmbusti on processes have been grouped into five general
categories for the purposes of conpiling forml dehyde em ssion
factors. These categories are (1) external conbustion in
boil ers and space heaters, (2) external combustion in
i ndustrial process heaters, (3) internal conbustion in
stationary sources, (4) incineration and open burning, and (5)
i nternal conmbustion in nobile source. Em ssions of
f ormal dehyde fromthese conbusti on categories are discussed in
the foll owi ng subsecti ons.

Conbustion sources are listed in nost em ssions
i nventories, including the National Em ssions Data System
(NEDS). Cuidance is available fromEPA on | ocating conbustion
sources and determ ning their design conbustion rates and
operating schedul es. 46:47:48.49.50
Ext ernal Conbusti on--Boilers and Space Heaters

The boil er and space heating category includes
steamelectric generating (utility) plants, industrial boilers,
and comercial, institutional, and donmestic conmbustion units.
These unit are mainly fired by coal, oil, and natural gas.

O her fuels used in relatively small quantities include
i quefied petrol eum gas, wood, coke, and waste and by-product
fuel s.

Tabl e 17 presents estimates of formal dehyde enm ssions from
external conbustion sources. The values presented in the table
are based on the results of extensive testing of fornmal dehyde
em ssi ons conducted by the Public Health Service in the early
1960' s. > As noted above, emissions vary fromsource to source
dependi ng on a nunber of paraneters. Measurenents of total
al dehyde em ssions illustrate the variability that can be
expected fromsource to source in formal dehyde em ssions. In
conmparison with the | ow formal dehyde | evel s presented in Table
17, total al dehyde |levels (of which fornmal dehyde is estinmated
to conprise 70 to 100 percent) as high as 33 ng/J have been
reported for coal conbustion, up to 40 ng/J for fuel oi
conbustion, and 7 ng/J for natural gas conbustion. 525354

A few studi es have been perfornmed to neasure fornal dehyde
em ssions from donmesti c wood-burning fireplaces and
stoves. %57  Current best estinmates indicate that
approxi mately 23.3 x10° netric tons of wood are burned annual ly
in fireplaces and wood stoves. A few fornmal dehyde neasurenents
were made by DeAngelis et al. on wood-burning fireplaces and
stoves.® Their data indicated that formal dehyde em ssions
ranged between 0.1 and 0.4 g/ kg of wood burned. They found
t hat wood type and conbusti on equi pnent design had very little
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TABLE 17.

FORVALDEHYDE EM SSI ONS FROM EXTERNAL

COMBUSTI ON SOURCES*!

Em ssion factor

(ng/J)
Coal fired sources
Pul veri zed coal 2 0. 048
Chain grate stoker?® 0. 060
Spr eader st oker® 0. 095
Under f ed st okerd 0.53
Hand st oked® 0. 027
Gl -fired sources
Resi dual oilf 0. 069
Distillate oil?9 0. 10
Nat ural gas-fired sources
I ndustrial® 0. 038
Commercial /institutional'’ 0. 095
Donest i ci 0. 43

2 Based on testi

140 GJ/ hr.
b Based on testi
¢ Based on testi
¢ Based on testi
¢ Based on testi
f Based on testi
9 Based on testi
h Based on testi
i Based on testi
I Based on testi

0.18 &I/ hr,

ng

ng
ng
ng
ng
ng
ng
ng
ng
ng

two units with firing rates of 1,640 GJ/ hr and

a unit with a firing rate of 155 GJ/ hr.

aunit with a firing rate of 62 &/ hr.

two units with firing rates of 4.6 GJ/hr and 3.2 &/ hr.
a unit with a firing rate of 0.12 &/ hr.

steam atom zed unit with a firing rate of 15 GJ/ hr.
steam atom zed unit with a firing rate of 22 GJ/ hr

a unit with a firing rate of 9.8 GJ/ hr.

a unit with a firing rate of 1.0 GJ/ hr.

three units with a firing rates of 0.19 GJ/ hr,

and 0.013 GJ/ hr.
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effect on formal dehyde rel ease. In another study, Snowden et
al. reported emssions of 0.3 to 11g of fornal dehyde/ kg of wood
burned. > A study performed by the General Mtors Research
| aboratory indicated that total al dehyde em ssions from
wood- burning fireplaces varied by a factor of 4 fromO0.6 to 2.3
g/ kg of wood burned and that fornal dehyde em ssions ranged from
21 to 42 percent of the total al dehyde em ssions.® This body
of information suggests that nationw de fornmal dehyde em ssi ons
from domesti c wood-burning fireplaces and stoves may range from
2.33 x 10° to 2.56 x 10° netric tons per year.

Techni ques that are used to mtigate total hydrocarbon and
CO em ssions from conbustion sources al so reduce fornmal dehyde
and ot her al dehyde em ssions. These techni ques incl ude
operating nmeasures to ensure conplete conbustion as well as
peri odi ¢ burner mai ntenance and tuni ng.
External Conbustion--industrial Process Heating

In a nunber of industrial processes, heat requirenents are
satisfied by direct firing or by process heaters. |In direct
firing, hot gases from fuel conbustion are contacted with the
material to be heated. Process heaters are used to heat the
material indirectly, either through the walls of a vessel or

t hrough a heat exchanger. |Indirect contact process heating
units are generally fired by natural gas, process gas, fuel
oil, or oil-gas mxtures. Direct-fired units, such as rotary

kilns, may al so use coal.

Em ssions of total aldehydes fromrefinery process heaters
fired by oil-gas m xtures have been neasured at about 2.2
ng/J. 58 Al dehyde em ssions from natural gas conbustion and oi
conbusti on have been estimated to be 100 percent and 70 percent
by wei ght formal dehyde, respectively.® Based on these data, an
em ssion factor of 1.9 ng/J heat input has been derived for
f ormal dehyde em ssions for process heaters fuel ed by oil-gas
m xtures. Data were not available to estimate fornmal dehyde
em ssions fromdirect firing. Emssions would vary with the
material being heated and may differ significantly from
em ssions from ot her conbusti on sources.

As in the case of other external conbustion sources,
f or mal dehyde em ssions fromindustrial process heating are
controlled by the sanme techni ques that control total
hydr ocarbon and CO eni ssions. These techniques include the use
of operating nmeasures that ensure conpl ete conbustion as well
as periodic burner maintenance and tuning.
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| nternal Conbustion--Stationary Sources

Stationary internal conmbustion engines are used to
generate electricity, to punp gas or other fluids, to conpress
air for pneumatic equi pnent, and to conpress other gases for
i ndustrial processes. These engines include gas turbines and
heavy-duty reciprocating engines.

Tabl e 18 presents estimates of formal dehyde enm ssions from
stationary internal conbustion engines. Formal dehyde em ssions
fromgas turbines and gas-fired reciprocating engi nes were
esti mat ed usi ng published hydrocarbon eni ssion factors® and
speci es characterization data for hydrocarbon em ssions from
gas turbines and gas-fired reciprocating engines.® Em ssions
fromgasoline and diesel oil-fired industrial equipnment were
esti mat ed based on a published em ssion factor for total
al dehyde®® and data show ng that formal dehyde conprises about 70
percent of total aldehyde em ssions fromoil-fired conbustion
sources. 3

Techni ques used to mtigate CO and total hydrocarbon
em ssions fromstationary internal conbustion engi nes woul d
al so reduce fornal dehyde em ssions. These include periodic
engi ne mai nt enance and tuni ng.
| nci neration and Open Burning

Tabl e 19 presents total al dehyde em ssion factors for
various incinerators and for open burning of waste nmaterials.?
Data were not available on the fraction of al dehyde em ssions
made up of fornmal dehyde; however, formal dehyde has been
estimated to conprise 70 to 100 percent of total al dehyde
em ssions from ot her conmbustion processes.® The data presented
in Table 19 were published between 1959 and 1968. It should be
noted that inproved incinerator design may have resulted in a
reduction of total al dehyde and fornal dehyde em ssion factors
fromsonme types of incinerators since these data were
coll ected. Em ssions of fornal dehyde fromincinerators can be
reduced with conmbustion controls, periodic maintenance, and the
use of afterburners or additional conbustion chanbers.
| nt ernal Conbusti on--Mbile Sources

Mobi l e internal combustion sources include autonobiles,
trucks, farm equi pnent, construction equi pnent, airplanes,
trains, and other vehicles. These sources are generally powered
by internal conbustion engines fired by gasoline, diesel fuel,
or other distillate oil products.
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TABLE 18. FORVALDEHYDE EM SSI ONS FROM STATI ONARY
| NTERNAL COVBUSTI ON ENG NES®®: %0

For mal dehyde emi ssi ons

ng/ Joul e
heat i nput g/ hp- hr g/ kwhr

Gas turbines 4.0 0.04 0.04

Gas fired reciprocating engi nes 5.7 0.04 0. 06

Gasol i ne and di esel - power ed
i ndustrial equi pment 13.2 0.15 0.21

TABLE 19. TOTAL ALDEHYDE EM SSI ONS FROM | NCI NERATI ON
AND OPEN BURNI NG 3

Al dehyde emni ssions (g/kq)

Aver age Range val ue
Apartnent incinerators 2.5 1-4
Donestic incinerators 2.0 0.1-8
Backyard burni ng 5.2 1-14

a Data were not available to estimate the fraction of al dehydes conprised by
f or mal dehyde; however, formal dehyde conprises 70 to 100 percent of al dehyde
em ssions from ot her combusti on processes.
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Tabl e 20 presents estimates of formal dehyde eni ssions from
aut onobi | es, | oconotives, heavy-duty gasoline and
di esel - powered vehicles, notorcycles, snowmbiles, and
aircraft. Table 21 |ists formal dehyde em ssion estimtes for
di esel - and gasol i ne- powered farm and construction equi prment.

For mal dehyde emi ssi on val ues per vehicle mle for
aut onobi | es and heavy-duty gasoline and di esel powered vehicles
are based on EPA fornmal dehyde em ssions test data.5¢?
Em ssions per gallon of fuel burned were derived using average
fuel mleages of 16 mles/gallon for autonobiles and 50
m |l es/gallon for notorcycles. ®

Em ssion factors for | oconptives, notorcycles,
snownobi l es, aircraft, and farm and constructi on equi pnment were
derived fromtotal al dehyde emi ssions data.®® 1|t has been
estimated that formal dehyde nakes up 70 percent of total
al dehyde em ssions fromfuel oil conbustion and 60 percent of
total al dehyde em ssions from gasoline and di esel fuel
conbustion.?3

Techni ques used to mitigate total hydrocarbon and CO
em ssions from nobil e fuel conmbustion sources al so reduce
f or mal dehyde and ot her al dehyde em ssions. These techni ques
i ncl ude carburetion adjustnent and catal yti c conversion of
exhaust gas.
O L REFI NI NG

For mal dehyde i s produced as a conbustion product in a
nunber of refinery operations. The major sources of
f ormal dehyde em ssions fromoil refining are catal ytic
cracki ng, coking operations, and fuel conbustion.
Process Description

Figure 12 shows a basic flow diagramfor an oil refinery.
Refining operations that are major sources of formal dehyde

em ssions are described briefly bel ow
Fuel Conbusti on--

Process heaters are used in alnost every refinery unit
operation to heat feed materials or to supply heat in
distillation operations. They are designed to provide
tenperatures up to 510°C and can be fired by refinery fuel gas
(usually COrich), natural gas, fuel oil, or oil/gas m xtures.

Heat for refinery operations is also provided by steam
which is produced in boilers in the refinery utilities plant.
These boilers generally are fired by fuel oil or oil/gas
m xt ures.
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TABLE 20. FORVALDEHYDE EM SSI ONS FROM TRANSPORTATI ON SOURCES

For mal dehyde eni ssi ons

o/ gal ng/ km
Aut onobi | es?

Cat al ystP 0. 05-0. 83 2-32
Noncat al yst ¢ ¢ 0. 83 32
Di esel © 0.33 13

O her ground transportation
Heavy-duty gasol i ne vehi cl es® 0. 64 76
Heavy-duty di esel vehicles® 0.55 55
Loconoti ves® 1.5
Mot orcycl es: 2-cyclee,f 3.3 41

4-cycl ee,f 1.4 17

Snownobi | es® 5.9

Aircraft
Jet? 1.9
Tur boprop or piston? 1.6

a An average fuel mleage for autonobiles of 16 mles/gal was used

to convert fromnmg/kmto g/gal.®

b Use | ower value for newer, lownilage cars and higher value for
hi gh- m | eage cars. 562

¢ Reference 61.

¢ Al cars are tuned to manufacturer's specifications.
Mal f uncti oni ng vehicles may emt considerably higher |evels. ©

¢ Em ssions were cal cul ated using al dehyde em ssions data % and
assum ng al dehyde eni ssions are 60 percent fornmal dehyde.?

f An average fuel mleage for nobtorcycles of 50 npg was used to
convert fromng/kmto g/gal.®

9 Em ssions were cal cul ated using al dehyde em ssions data % and

assumi ng al dehyde enissions are 70 percent fornal dehyde. 2
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TABLE 21. FORVALDEHYDE EM SSI ONS FROM CONSTRUCTI ON AND
FARM EQUI PMENT®

For nal dehyde eni ssi ons

g/ gal g/ hr g/ hp- hr

Gasol i ne- powered construction equi pnent

\Weel ed tractor 1.6 4.8 0.15

Mot or gr ader 1.6 5.2 0.17

Weel ed | oader 1.3 5.8 0. 13

Rol | er 1.3 4.5 0. 15

M scel | aneous 1.2 5.4 0.13
Gasol i ne- powered farm equi pnent

Tract or 1.9 4.2 0.18

M scel | aneous 1.1 2.8 0.13

Di esel - power ed constructi on equi pnent

Trackl ayi ng tractor 1.7 7.4 0.10
\Weel ed dozer 1.6 17 0. 096
Scr aper 2.6 39 0.17
Mot or gr ader 1.2 3.3 0.073
Weel ed | oader 2.0 11 0. 012
Trackl ayi ng | oader 1.0 2.4 0. 06
O f - hi ghway truck 2.1 31 0.13
Rol | er 1.7 4.5 0.12
M scel | aneous 1.8 8.3 0.12
Di esel - powered farm equi pnent
Tract or 3.3 9.8 0. 20
M scel | aneous 2.8 4.3 0.18

@ Em ssions were cal cul ated using al dehyde eni ssions data® and the
assunption that al dehyde are 60 percent fornal dehyde. 3
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At ol der refineries, high-pressure conpressors are often
run by natural gas-fired internal conmbustion engines.

H gh- pressure conpressors are used in hydrodesul furization,
reformati on, and other refinery unit operations. Because of
their greater reliability, electric motors and steam engi nes
are used at nost newer refineries in place of gas-fired

engi nes. % The total anpbunt of fuel burned at a refinery depends
on the size and conplexity of the refinery. The breakdown of
fuel use between fuel oil and gas depends on the availability
of fuels, the particular requirenments of various burners or

engi nes, and applicable environnental (e.g., fuel sulfur)
regulations. It is estimated that for a | arge conpl ex
refinery, the total fuel requirenent is 230 G gajoules (&)

heat input per barrel (bbl) of crude feed, of which on the

aver age about 70 percent is provided by fuel oil conbustion and
30 percent by fuel gas conbustion. 56

Cat al yti c Cracki ng- -

In catal ytic cracking, catalysts are used to break down
heavy oils to lighter products. Feedstocks to catalytic
cracking typically have a boiling range of 340 to 540°C.

Catal ytic cracking processes currently in use can be classified
as either fluidized catalytic cracking (FCC) units or
nmovi ng- bed catal ytic cracking units.®5> |n both processes,
fresh and recycled oil are fed to a cracking reactor with hot
regenerated catalyst. The reactor tenperature for both
processes is 470 to 525°C.

In the FCC process, the oil vaporizes, and the catalyst,
made up of very fine particles, becones entrained in the vapor.
The cracking reaction takes place as the
fl ui di zed-catal yst/oil-vapor streamflows up a riser in the
center of the reactor. The catalyst and oil vapor are
separated by cyclones at the top of the reactor. Spent
catalyst fromthe cyclones falls to the reactor bottom where it
is steamstripped to renove adsorbed hydrocarbons before
flowi ng out of the reactor.>°

I n the novi ng-bed process, catal yst beads (about 0.5 cmin
dianeter) are fed to the top of the reactor along with a
m xed- phase oil feed. Cracking occurs as the catalyst and oi
nmove concurrently downward through the reactor. Hydrocarbons
are separated fromthe catalyst in a zone near the reactor
bottom Spent catalyst is then steamstripped of adsorbed
hydr ocar bons and fl ows out of the reactor.>°
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O 1 renoved fromthe FCC catal ytic cracking process is fed
to a fractionation colum, where it is split into gas and
[iquid product streanms and a recycle stream Spent catalyst in
both processes is transferred to a regenerator, where coke
deposits are renoved fromthe catal yst surface by parti al
conbustion with air at 590 to 675°C. Regenerated catal yst is
separated from conbusti on products by cyclones and returned to
t he cracking reactor. Because the conbustion process in the
regenerator is inconplete, flue gas fromthe regenerator
generally has a high CO concentration. Em ssions of CO
generally are controlled using CO waste heat boilers.

Entrained catal yst particles are generally controlled by
el ectrostatic precipitators (ESP s).*
Coki ng- -

Coki ng invol ves the thermal cracking of heavy residual oi
to formlighter products and petrol eum coke. Two types of
coki ng processes are currently in use: fluid coking and del ayed
coki ng.

I n del ayed coking, feed oil is heated to 480 to 580°Cin a
process heater and then fed to one of two coke druns. Cracking
occurs as the oil flows through the heater, and |ight products
are renoved as an overhead vapor streamfromthe drum Heavy
l[iquids remain in the drumto formcoke. The del ayed coking
process is a batch process. Wen the drumin use is filled to
capacity with coke, the streamfromthe process heater is fed
to the second drum Meanwhile, coke is renoved fromthe first
drumwi th high-pressure water jets.?®

In the fluid coking process, feed oil is contacted with
hot pellets or seed coke particles in a fluidized bed reactor.
The feed oil cracks, form ng coke, which remains on the
particles, and |ight products, which flow out of the reactor in
an overhead stream Fluid bed particles are renoved
continuously fromthe reactor and circul ated through a burner.
In the burner, the coke is partially conbusted with air. A
portion of the coke |eaving the burner is renoved as product,
and the remainder is returned to the reactor. The continuous
circulation of reactor bed material through the burner provides
heat for the cracking reaction, transferred as sensible heat in
the bed material. The reactor tenperature is maintained at 525
to 580°C. Flue gas fromthe fluid coker burner off-gas
contai ns inconpl ete conbustion products including a |arge
amount of CO.  Carbon nonoxi de em ssions generally are
controll ed by passing the flue gas through a CO waste heat
boi | er. ¢’
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Em ssi ons

For mal dehyde is emtted with conbustion products from
refinery process heaters, boilers, and internal conbustion
conpressor engines. These conbustion sources are | ocated
t hroughout the refinery. Process vent streanms fromcatal ytic
cracki ng and fluid coking operations also contain formal dehyde.
These streans are di scharged fromboilers used to burn COrich
waste gas streanms. In catalytic cracking, the COrich waste
streamresults fromthe partial air oxidation of catalyst coke
deposits, while in fluid coking, the COstreamresults fromthe
partial oxidation of the coke burned to provide process heat.
There is no correspondi ng process vent streamfromthe del ayed
coking operation. Refinery unit operations include valves,
punps, flanges, and other hardware, all of which emt fugitive
hydr ocarbons. These hydrocarbons are not, however, expected to
contain | arge anmounts of fornmal dehyde.

Tabl e 22 presents em ssion factors for catal ytic cracking
and fluid coking.®® Em ssions fromexternal conbustion sources
(boil ers and process heaters) and internal conbustion engines
are discussed in the section of this report entitled COVBUSTI ON
SOURCES.

For mal dehyde emi ssion factors presented in Table 22 were
derived fromem ssion test data for total al dehydes, ®® using
publ i shed estimates of the fraction of formal dehyde in al dehyde
em ssions from vari ous conbustion processes. Based on the
processes by which al dehydes are forned and the nature of the
fuels, al dehyde em ssions from natural gas conbusti on have been
estimated in published literature to be 100 percent
f or mal dehyde, and al dehyde em ssions fromoil conbustion have
been estimated to be 70 percent formal dehyde.® Because the
streanms entering CO boilers in fluid coking and catal ytic
cracki ng operations result fromthe partial conbustion of
pet rol eum coke, al dehyde em ssions fromthese sources are
expected to have a fornal dehyde content simlar to that in
al dehyde em ssions fromoil conbustion. Formal dehyde em ssions
fromall of the above sources result frominconplete
conbustion. Em ssions of formal dehyde differ fromsource to
sour ce dependi ng on burner operating conditions, such as excess
air and flane tenperature. Formal dehyde em ssions from
conmbustion sources, |ike total hydrocarbon em ssions, can be
mtigated to a certain extent by mai ntenance of proper
operating conditions, including periodic burner maintenance and
t uni ng.
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TABLE 22. FORMALDEHYDE EM SSI ONS FROM PETROLEUM
REFI NI NG °8

Sour ce Em ssion factor

Conbusti on Sources
Gas-fired external conbustion
Ol-fired external conbustion
Gas fired reciprocating engi ne see COVBUSTI ON SOURCES
Ol/gas mxture fired process heater

Catal yti c Cracking

FCC regenerator with CO boil er/ESP 2.2 kg/ 1000 bbl fresh feed
Movi ng bed (TCC) regenerator wth
CO boi |l er/ ESP 1.0 kg/ 1000 bbl fresh feed
Coki ng

Fl ui d coker burner with CO boiler/scrubber 0. 54 kg/ 1000 gal bbl fresh
feed

a Petroleumrefineries may vary in configuration and | evel of control.
The reader is encouraged to contact plant personnel to confirmthe

exi stence of emtting operations and control technology at a particular
facility prior to establishing its em ssions.
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Source Locations

Alist of active refineries in the United States is given
in Table 23, showing the | ocation of each refinery as well as
the total crude oil refining and catalytic cracking and fluid
coking capacities, in barrels per stream per day. ®®
ASPHALTI C CONCRETE PRODUCTI ON AND USE

Asphalt plants or asphaltic concrete plants are used to
produce hot m x asphalt paving. this product is a m xture of
wel | graded, high quality aggregate and |iquid asphaltic cenent
which is heated and m xed in neasured quantities to produce
bi t um nous pavenent material. Hot m x asphalt paving can be
manuf actured by batch m x, continuous m x, or drum m X process.

In recent years, recycling of old asphalt paving has been
intiated in the asphaltic concrete industry. 1In recycling, old
asphalt pavenent is broken up at a job site and is renoved from
the road base. This material is then transported to the plant,
crushed, and screened to the appropriate size for further
processing. The paving material is then heated and m xed with
new aggregate, to which the proper anount of new asphaltic
cenent is added, to produce a grate of hot asphalt paving
suitabl e for |aying.

The nost significant source of em sssions from asphalt
plants is the rotary dryer. Dryer fules are typically natural
gas and oil, including recycled waste oil. Dryer em ssions
contain the fuel conmbustion products of the burner and
aggregate dust carried out of the dryer by the oving gas
stream These anounts of gaseous volatile organic conmpound
(VOC) of various species, incuding fornal dehyde. The
f or mal dehyde em ssions are fromthe i nconplete conbustion fo
the dryer fuel and possibly fromthe liquid asphaltic cenent.*

Source tests obtained froma single asphaltic concrete
pl ant indicated that asphalt plants wi th scrubbers have an
average em ssion factor of 0.00015 pounds per ton of asphaltic
concrete produced.® For asphalt plants with baghouses an
em ssion factor was devel oped formfour stack tests perforned
in Wsconsin in 1989. During two of these tests, drum m X
sphalt plants were using 40 percent recycle and burning waste

oil. For the other two tests, stationary batch plants were
usi ng 20 percent recycle with one burning waste oil and the
other burning No. 2 oil. the emssion rate fromthese plants

ranged from 0. 0024 pounds per ton to 0.0071 pounds per ton and
average 0.0036 pounds per ton.*
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TABLE 23.

PETROLEUM REFI NERI ES®®

Conpany and Location

Crude refining capacity
(bbl / streani day)

Fl ui d coki ng charge
capacity (bbl/fresh
f eed/ st reant day)

Catal ytic crackling charge
capacity (bbl fresh)
f eed/ st reant day)

Al abana:
Hunt G| Co. - Tuscal oosa
Loui si ana Land and Exploration Co. - Seral and

Marion Corp. - Theodore
Mobi | e Bay Refining Co. - Chickasaw
Warrior Ashphalt Co. of Alabama Inc. - Holt

Atlanta:
Atlantic Richfield Corp. - -Prudhoe Bay
Chevron U.S. A, Inc. - Kenai

North Pole Refining, Div. of Mapco - North Pole

Tesoro Petrol eum Corp. - Kenai
Ari zona:

Arizona Fuele Corp. - Fredonia
Arkansas:

Berry Petroleum Division of Crystal G| Co. -
Cross Ol & Refining Co. of Arkansas - Smackover

Macmillan Ring-Free Q1 Co. - Norphlet
Toaco Corp. - El Dorado

California:

Anchor Refining d - MKittrick
Atlantic Richfield Co. - Carson
Beacon O| Conpany - Manford

Chanolin Petroleum Co. - WI nington
Chevron U.S. A Inc. - Bakersfield
El Segunde
Ri chmond
Douglas Ol Co. - Santa Maria
Eco PetroleumlInc. - Signal Hill

Edgington G| O - Long Beach

Exxon Co. - Benicia

Fletcher Ol & Refining Co. - Carson

Getty Refining & Marketing Co. - Bakersfield

Col den Bear Division, Wtco Chenical Corp. - Oldale

Col den Eagle Refining Co. - Carson

@lf Ol Co. - Santa Fe Springs
Huntway Refining Co. - Benicia

W | m ngton

| ndependent Valley Energy Co. - Bakersfield
Kern County Refinery Inc. - Bakersfield
Marlex Ol & Refining Inc. - Long Beach
Mobil G| Corp. - Torrance

Newhal | Refining C - Newhall

Oxnard Refinery - Oxnard

Pacific Casie - Paranmount

Pacific Refining Co. - Hercules
Powerine Q1 Co. - Santa Fe Springs
Sabre Refining Inc. - Bakersfield

Shell G| Co. - Martinez

W | m ngton

Sunl and Refining Inc. - Bakersfield
Texaco Inc. - WImngton

Tosco Corp. - Bakersfield

Martinez

Union G| Co. of California - Los Angeles
Rodeo
USA Petrocham Corp. - Ventura

Col or ado:
Asanera Q1 US. Inc. - Comerce City
Conoco Inc. - Comerce City

Gary Refining Co. - Fruita

47, 600
81, 300
27,000
20, 000°

6, 000

20, 000
22, 200°
46, 500
51, 053

6, 500

St evens 4, 400

9, 950
6, 000
48, 000

11, 000
213, 000
18, 230
62, 500
26, 000°
405, 000¢
365, 000
10, 000

7,000c
44,730
112, 000
30, 500
64, 700
11,500
17,200
53, 800

7,500

6, 000
29, 500
23, 000
20, 000
130, 000
23, 000

5, 000
48, 000
45, 000°
46, 000
14,000
94, 000
113, 000
15, 000
78, 400
40, 000
126, 000¢°
111, 000
117,300
30, 000

40, 000
33, 500
14,000
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7,000
37,000

16, 0002

58, 000

30, 0002
63, 0002
63, 0002
50, 0002
10, 0002

15, 5002

61, 0002
13, 5002
60, 0002
35, 0002

28, 0002
12, 000°
47,0002
45, 0002

8, 0002
15, 0002



TABLE 23. PETROLEUM REFI NERI ES®® ( Conti nued)

Crude refining capacity Fl ui d coki ng charge Catal ytic crackling charge
Conpany and Location (bbl / streani day) capacity (bbl/fresh capacity (bbl fresh)
f eed/ st reant day) f eed/ st reani day)
Del awar e:
Getty Refining and Marketing Co. - Delaware City 150, 000 44, 000 62, 0002
Geor gi a:
Ambco O | Co. - Savannah 27, 000 - -
Young Refining Corp. - Douglasville - - -
Hawai i :
Chevron U.S. A Inc. - Barber's Point 48, 000° - 22,0002
Hawai i an | ndependent Refinery Inc. - Ewa Beach 67, 000 - -
Il'1inois:
Bl ue Island 60, 000 - 25, 0002
Hartford 50, 000 - 27,0002
Marathon Q| Co. - Robinson 205, 000 - 38, 0002
Mobile O Corp. - Joilet 200, 000 - 98, 0002
Shell Q1 Co. - Wod River 295, 000 - 94, 0002
Texaco Inc. - Lawrenceville 88, 000 - 34, 0002
Union O Co. of California - Lenont 157, 000 - 58, 0002
I ndi ana:
Ampco Ol Co. - Wiiting 400, 000 - 150, 0002
d adi eux Refinery Inc. - Ft. Wayne 20, 000 - -
| ndi ana Farm Bureau Cooperative
Association Inc. - M. Vernon 22,100 - 8, 0002
Laket on Refining Corp. - Laketon 9, 500 - -
Rock |sland Refining Corp. - Indianapolis 44, 500 - 19, 0002
Kansas:
Derby Refining Co. - Wchita 30, 000 - 10, 800°
Farm and Industries Inc. - Coffeyville 60, 723 - 23, 0002
Getty Refining & Marketing Co. - El Dorado 82, 000 - 31, 0002
Mobile G| Corp. - Augusta 54, 500 - 22, 100°
Nat i onal Cooperative Refinery Association - MPherson 57, 000 - 20, 0002
Pester Refining Co. - El Dorado 32, 000 - 14, 5002
Total Petroleu,m- Arkansas City 47, 200 - 18, 0002
Kent ucky:
Ashl and Petrol eum Co. - Catlettsburg Louisville 220, 000 - 60, 0002
Sonerset Refinery Inc. - Somerset 26, 000 - 10, 000
6, 000 - -
Loui si ana:
Atlas Processing Co., Division of Pennzoil - Shreveport 82, 500 - -
Cal unet Refining Co. - Princeton 6, 500 - -
Canal Refining Co. - Chrich Point 7,858 - -
Celeron Ol & Gas - Mernentau 15, 000 - -
Cities Service Co. - Lake Charles 330, 000 - 150, 0002
Cl ai borne Gasoling Co. - Liebon 6, 700 - -
Conoco Inc. - Lake Charles 164, 000 - 30, 6002
Cotton Valley Refinery (Kerr-MGee
Refining Corp.) - Cotton Valley 5, 000° - -
CPl Refining Inc. - Lake Charles 17, 500 - -
Exxon Co. - Baton Rouge 474, 000 - 155, 0002
@l f Ol Corp. - Belle Chasse 205, 000 - 99, 0002
H Il Petroleum Co. - Krotz Springs 50, 000 - 22,5002
Kerr McGee Corp. - Dubach 11, 000 - -
Mal | ard Resources Inc. - Gueydon 6, 000° - -
Marathon Q1 Co. - Garyville 263, 000 - 75, 0002
Mirphy O Co. - Meraux 95, 400 - 35, 3002
Placid Refining Co. - Port Allen 55, 000 - 18, 5002
Port PetroleumInc. - Stonewal | 4,000 - -
Shell Q1 Co. - Norce 225, 000 - 100, 0002
Tennaco O | Co. - Chelnette 120, 000 - 22,5002
Texaco Inc. - Convent 147, 000 - 70, 0002
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TABLE 23. PETROLEUM REFI NERI ES®® ( Conti nued)

Crude refining capacity Fl ui d coki ng charge Catal ytic crackling charge
Conpany and Location (bbl / streani day) capacity (bbl/fresh capacity (bbl fresh)
f eed/ st reani day) f eed/ st reani day)
Mar yl and:
Chevron, U S. A, Inc. - Baltinore 14, 947 - -
M chi gan:
Crystal Refining Co. - Carson City 6, 200 - -
Lakesi de Refining Co. - Kal amazoo 5, 600 - -
Marathon Q| Col. - Detroit 71, 000 - 27,0002
Total Petroleumlinc. - Alma 42,000 - 18, 0002
M nnesot a:
Ashl and Petrol eum Co. - St. Paul Park 69, 000 - 23, 0002
Kock Refining Co. - Rosenount 137, 000 - 52, 6002
M ssi ssi ppi :
Aner anda- Mass Corp., - Purvie 30, 000¢ 7,000 18, 000°
Chevron, U S A Inc., - Pascagoula 280, 000¢ - 58, 0002
Ergon Refining Inc. - Vicksburg 22,000 - -
Nat chez Refining Inc. - Natchez 22,000 - -
Southland G| Co. - Lunberton 6, 500 - -
Sandersville 12, 500 - -
Mont ana:
Canex - Laurel 42,500 - 12, 0002
Conoco, Inc. - Billings 50, 000 - 15, 5002
Exxon Co. - Billings 46, 000 7,000 21, 0002
Flying J Inc. - Cut Bank 6, 200 - -
Kenco Refining Inc. - Wlf Point 4,950¢ - -
Sinone Refining Co. - Geat Falls 6, 500 - 2,1002
Nevada:
Nevada Refining Co. - Tonopah 4, 700 - -
New Jer sey:
Chevron U.S.A. - Perth Anboy 168, 000¢ - 33, 000
Exxon Co. - Linden 110, 000 - 120, 0002
Mobil G| Corp. - Paul eboro 102, 200 - 34, 0002
Seavi ew PetroleumInc. - Thorofare 45, 000° - -
Texaco, Inc. - Westville 98, 500 - 40, 0602
New Mexi co:
G ant Industries Inc. - Cnize 19, 000 - 7, 2002
Far m ngt on 14, 000 - -
Navajo Refining Co. - Artesia 29, 930 - 17, 5002
Pl ateau, Inc. - Bloonfield 18, 100 - 5, 4002
Sout hern Union Refining Co. - Lovington 36, 000 - -
Thriftway Co. - Bloonfield 7, 500¢ - -
Nort h Dakot a:
Ambco O | Co. - Mandan 58, 000 - 26, 0002
Flying J Inc. - WIlliston 5, 400 - -
Chi o:
Ashl and Petrol eum Co. - Canton 68, 000 - 25, 0002
@lf Gl Co. - Cncinnati 45, 000 - 18, 0002
Standard O 1 Co. of GChio - Lima 177, 000 - 37, 7002
Tol edo 126, 000 - 55, 0002
Sun d - Tol edo 124, 000 - 50, 0002
Ckl ahona:
Allied Material Corp. - Stroud 8, 500 - -
Chanplin Petroleum Co. - Enid 56, 000 - 19, 5002
Conoco, Inc. - Ponca City 138, 000 - 45, 0002
Kerr-MGee Refining Corp. - Wnnewood 43, 000° - 20, 0007
Ol ahoma Refining Co. - Cyril 15, 500 - 7, 8002
Custer Country 12, 500 - -
Sun C - Tul sa 90, 000 - 30, 0002
Tonkawa Refining Co. - Anett 13, 000 - -
Tosco - Duncan 49, 500 - 25, 0002
Total Petrol eum Corp. - Ardnore 64, 500 - 22,0002
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TABLE 23.

PETROLEUM REFI NERI ES®® ( Cont i nued)

Crude refining capacity

Conpany and Location

(bbl / streani day)

Fl ui d coki ng charge
capacity (bbl/fresh
f eed/ st reani day)

Catal ytic crackling charge
capacity (bbl fresh)
f eed/ st reani day)

O egon:
Chevron U.S. A Inc. - Portland

Pennsyl vani a:

Atlantic Richfield Co. - Philadel phia

BP O Corp. - Marcus Hood

@l f Gl Co. - Philadel phia

Kendel | - Anal i e Division, Wtco Chenical Co. - Bradford
Penzoil Co. - Rouseville

Quaker State G| Refining Corp. - Farmers Valley

Sun C - Marcus Hookd

United Refining Co. - Warren

Valvoline Q| Co., Division of Ashland G| Co. - Freedom

Tennessee:
Delta Refining Co. - Menphis

Texas:

Anber Refining Co. - Fort Worth
Anerican Petrofina, Inc. -

Big Spring

Port Arthur

Ampco O Co. - Texas Gty

Atlantic Richland Co. - Houston
Chanplin Petrol eum Co. - Corpus Christi
Charter International G| Co. - Houston
Chevron U.S.A Inc. - E Paso

Coastal States Petroleum Co. - Corpus Christi
Crown Central Petrol eum Corp. - Houston
Di anond Shanrock Corp. - Sunrey
Dorchester Refining Co. - M. Pleasant
Eddy Refining Co. - Houston

Exxon C. U.S.A - Houston

Flint Chemical Co. - San Antonio

alf Ol Co. - Port Arthur

Howel | Hydrocarbone, Inc. - San Antonio
Koch Refining Co. - Corpus Christi
LaGoria Ol & Gas Co. - Tyler

Li quid Energy Corp. - Bridgeport
Marathon Q1 Co. - Texas City

Mobil G| Corp. - Beaunont

Phillips Petrol eum Co. -

Bor ger

Sweany

Pride Refining, Inc. - Abilene
Quintana Petrochenical Co. - Corpus Christi
Saber Energy, Inc. - Corpus Christi
Shell G| Co. - Deer Park

Cdessa

Signer Refining Co. - Three Rivers
Sout h Hanpton Refining Co. - Silabee
Sout hwestern Refining G - Corpus Christi

Tesore Petroleum Corp. - Carrize Springs
Texaco, Inc. - Amarille

El Paso

Port Arthur

Port Naches

Texas City Refining, Inc. - Texas Gty
Uni Refining, Inc. - Ingleside

Union O Co. of California - Beaunont, Nederland

131, 000
177,000
180, 000
9, 000
16, 500
6, 800
165, 000
62, 000
7,000

49, 000

20, 500

60, 000
110, 000
432,000
244,000
179, 000

70, 000

76, 000°

95, 000°
103, 000

76, 440
265, 000

3, 500°
525, 000
1, 400
424,000

10, 000
108, 000

70, 000

10, 800

72,000
335, 000

100, 000
195, 000
36, 500
34, 000
21, 000
310, 000
33, 500
49, 500
17,500
104, 000¢
27,474
21, 000
18, 000
425, 000
32, 600
130, 000
45, 000
126, 300
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29, 0002
48, 0002
85, 3002

75, 0002
18, 0002

30, 0002

5, 0002

23, 5002
34, 5002
194, 000*
78, 0002
69, 0002
50, 0002
22,0002
19, 5002
56, 0002
45, 0002
9, 600°

155, 000#

110, 000*
27,0002
17,0002
38, 000
18, 000°

60, 000
87, 0002

65, 0002
10, 5002
17,0002

47, 0002

8, 0002
7,0002
135, 000#

40, 0002

38, 000



TABLE 23. PETROLEUM REFI NERI ES®® ( Conti nued)

Conpany and Location

Crude refining capacity
(bbl / streani day)

Fl ui d coki ng charge Catal ytic crackling charge
capacity (bbl/fresh capacity (bbl fresh)
f eed/ st reani day) f eed/ st reani day)

Ut ah
Ampco O Co. - Salt Lake Gty 41, 500 - 18, 0002
Cari beau Four Corner, Inc. - Wod Cross 8, 400 - -
Chevron U.S.A - Salt Lake Gty 45, 000° - 11, 0002
Crysen Refining Co. - Wod Cross 12, 500¢ - -
Husky G| Co. - North Salt Lake Gty 26, 000 - 7,000
Phillips Petroleum Co. - Wod Cross 26, 000 - 4, 400°
Pl ateau, Inc. - Roosevelt 8, 500 - 6, 0002
Virginia:
Anoco G| Co. - Yorktown 55, 000 - 28, 000"
Washi ngt on:
Atlantic Richfield CO - Ferndale 13, 000 - -
Chevron U.S. A, Inc. - Seattle 5, 500¢ - -
Mobile QI Corp. - Ferndale 75, 000 - 25, 500°
Shell Q1 Co. - Anacortes 94, 000 - 36, 0002
Sound Refining, Inc. - Tacoma 11, 700¢ - -
Texaco, Inc. - Anacortes 82, 000 - 30, 0002
U S GI & Refining Co. - Tacoma 24, 000¢ - -
West Virginia:
Quaker State G| Refining Corp. -
Newel | 12, 000 - -
St. Mary's 5, 000 - -
W sconsi n:
Mirphy O Corp. - Superior 42,000 - 9, 7002
Woni ng:
Anmpbco O| Co. - Casper 49, 000 - 13, 0002
Husky G| Co. - Cheyenne 30, 000 9, 000 12, 0002
Little Arerica Refining Co. - Casper 24, 500° - 12, 500°
Mount ai neer Refining O - LaBarge 700 - -
Sinclair Ol Corp. - Sinclair 54, 000 - 21, 0002
Woni ng Refining Co. - Newcastle 13, 500 - 4, 000°
Note: This listing is subject to change as market conditions change, facility

owner shi p changes,

pl ants are cl osed down,
the existence of particular facilities by consulting current

and/or the plants thenselves. The |eve

t hr oughput, and contro

contacts with plants personnel

@ Fluid bed catal ytic cracking.
b Moving bed catal ytic cracking.

¢ Capacity in bbl/cal endar

day.
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In addition to formal dehyde em ssions fromthe production
of asphalt, the application of asphalt cenent results in the
em ssion of 0.0040 pounds of fornal dehyde per ton of asphalt.*
FORVALDEHYDE PRODUCTI ON I N THE ATMOSPHERE VI A PHOTO- OXI DATI ON

Just as formal dehyde is produced in conbustion processes
frominconplete oxidation, it is also formed in the atnosphere
when gaseous organic materials are oxidized, usually with the
aid of sunlight.® Several reaction paths exist from such
formation. It should be noted that as formal dehyde is
produced in the atnosphere, it is also destroyed. This is
because formal dehyde is al so consuned by photo-oxidation, wth
t he oxi dation products eventually becom ng carbon di oxi de and
wat er .

Si nce formal dehyde i s produced by photo-oxidation in the
at nosphere, there are no definable sources of these em ssions.
The sources of the organic precursors are any and all sources
of organic em ssions. This list includes, but is not limted
t o:

- Conmbusti on processes;

- Surface coating applications;

- Pestici de application; and

- Sol vent and ot her VOC evaporative | osses.

Prediction or estimation of the amobunt of fornmal dehyde
produced by photo-oxidation is a conplex task. There are
several reaction paths, and conplex equilibria are involved in
each reaction path. Sunlight aids the production of
f ormal dehyde, as does the presence of other atnospheric
contam nants such as NQ.® Studies to date have no succeeded
in accurately nodeling these phenonena. Rather, the studies
have used what little experinental data are present to
estimate formal dehyde conversion "efficiency factors."” These
factors represent the fraction of VOC that is converted into
formal dehyde. At best, this type of technique yields very
approxi mate estimates. The formal dehyde conversion efficiency
factors available in the literature are summari zed bel ow: ©°

1. Fr om phot o- oxi dati on of autonobile
exhaust - -f or mal dehyde formation is cal cul ated by assum ng a 30
to 60 percent increase in the initial concentration of
formal dehyde (i.e., concentration exiting the exhaust pipe);

2. For California only--techni que assunmes 1, 262 netric
tons/day of "reactive organic gas" and a fornmal dehyde
conversion factor range of 0.06 to 0.12; and
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3. Nat i onwi de- -t echni que assunes hydrocarbon em ssi ons
total 26,400,000 netric tons/yr and a fornmal dehyde conversion
factor of 0.075. Based on the latter two figures, it seens
reasonabl e to expect that nationw de fornmal dehyde production
due to atnospheric photo-oxidation may be in the range of
500 x 10 to 2 x 10° kg per year.® The wide range is
i ndi cative of the uncertainty associated with this estinmate.
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SECTI ON 5
SOURCE TEST PROCEDURES

There is no EPA Reference Method for source sanpling and
anal ysi s of formal dehyde; however, the EPA Industrial
Envi ronment al Research Laboratory has published a recommended
Level 2 sanmpling and anal ysis procedure for al dehydes
i ncl udi ng formal dehyde. " This nethod invol ves the reaction
of formal dehyde with 2, 4-dinitrophenyl hydrazine (DNPH) in
hydrochl oric acid (HO) to form 2, 4-di ni trophenyl hydrazone.
The hydrazone is then anal yzed by hi gh- performance |iquid
chr omat ogr aphy (HPLC).

Exhaust contai ni ng formal dehyde i s passed through
i mpi ngers or bubblers containing DNPH in 2N HO (Figure
13).7%7.72 The nolar quantity of DNPH in the inpingers nust be
in excess of the total nolar quantity of al dehydes and ket ones
in the volune of gas sanpl ed. Fornal dehyde, hi gher nol ecul ar
wei ght al dehydes, and ketones in the gas react with DNPH to
yi el d hydrazone derivatives, which are extracted fromthe
aqueous sanple with chloroform The chloroformextract is
washed with 2N HCO followed by distilled water and is then
evaporated to dryness. The residue is dissolved in
acetonitrile. The solution is then analyzed by HPLC with an
ultraviolet (UV) detector set at a wavel ength of 254 m crons.
The nobil e phase is 62 percent acetonitrile/ 38 percent water.
The recomrended columm is a 4.6 mm by 25 cm stainl ess steel
5-m cron Zorbax ODS (Dupont) reverse-phase colum, and the
flowrate is 1.5 m/mn. Under the above conditions, the
residence time of formal dehyde is 4.46 mnutes.’” The
detection limt of the method is 0.1 ng to 0.5 ng. Al dehydes
have been recovered fromair sanple spikes with an average
efficiency of 96 percent (+5.5 percent).

Modi fications of this general nethod have been applied to
| ow | evel anbient air neasurenents of formal dehyde. In
estimating low |l evels by this procedure, precautions nust be
taken to ensure that degradation of the absorbing reagent does
not occur. One neasure found to be hel pful consists of
conditioning the glass sanplers by rinsing themwth dilute
sulfuric acid followed by rinsing with the 2, 4-DNPH absor bi ng
solution. ™

Because hi gher nol ecul ar wei ght al dehydes and ket ones al so
react with DNPH, they may interfere with the anal ysis of
f ormal dehyde at sone chromatographic conditions. Thus, it may
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Figure 13. Method 5 samplinu.train modified for the measurement
of formaldehyde. 70-72
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be necessary to adjust the chromatographic conditions in order
to give adequate separation of the Figure 13 fornal dehyde- DNPH
derivative (2, 4-dinitrophenyl hydrazone) fromthe hydrazone
derivatives formed by higher nol ecul ar wei ght al dehydes and
ketones.”™ It may al so be necessary to adjust the
acetonitrile/water ratio to avoid interference with residual
DNPH.

When sul fur dioxide is present in the em ssion stream it
can dissolve in the absorbing solution to produce sulfite ion,
whi ch reacts rapidly with formal dehyde to formbisulfite.

This side reaction should not be a problemas |ong as the
absorbing solution is kept acidic (pH). However, the affect
of high sul fur dioxide concentrations on the accuracy of the
met hod has not been tested.”

It should al so be noted that unpredictable deterioration
has been observed for sone sanples anal yzed by this nethod.
Sanpl es shoul d therefore be analyzed within a few hours after
collection.”™ Finally, the nethod does not apply when
formal dehyde is contained in particulate matter.
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APPENDI X A
CALCULATI ONS OF PROCESS FUQ Tl VE EM SSI ONS

Fugitive em ssions of fornal dehyde and ot her volatile organics
result fromleaks in process valves, punps, conpressors, and
pressure relief valves. For formal dehyde production processes, the
f or mal dehyde em ssion rates fromthese sources are based on process
fl ow di agrans, process operation data, fugitive source inventories
for typical plants,! and EPA enission factors for process fugitive
sour ces. 2

The first step in estimating fugitive em ssions of
formal dehyde is to list the process streans in the representative
plant. Their phases are then identified fromthe process flow
di agram and their conpositions are estimated. For a reactor
product stream the conposition is estimted based on reaction
conpl etion data for the reactor and on the plant product slate.

For a streamfroma distillation colum or other separator, the
conposition is estimted based on the conposition of the input
streamto the unit, the unit description, and the general
description of stream of interest

(i.e., overheads, bottons, or sidedraw).

After the process streans are characterized, the nunber of
val ves per stream are estimated by dividing the total nunber of
val ves at the plant equally anong the process streans. Simlarly,
punps are apportioned equally anong |iquid process streans, and
relief valves are apportioned equally anong all reactors, colums,
and ot her separators. The |ocations of any conpressors are
determ ned fromthe process flow di agram

Em ssions are then cal cul ated for punps, conpressors, valves
in liquid and gas line service, and relief valves. Enm ssions from
fl anges and drains are minor in conparison with these sources and
are therefore neglected. Fugitive em ssions froma particul ar
source are assunmed to have the sanme conposition as the process
fluid to which the source is exposed. For valves in liquid
service, for instance, fornal dehyde em ssions are determ ned by
taking the product of (1) the total nunber of liquid valves in
f or mal dehyde service, (2) the average formal dehyde content of the
streans passing



t hrough these valves, and (3) the average fugitive em ssion rate
per valve per unit time as neasured by EPA. Em ssions fromval ves
in gas service, punps, and conpressors are calculated in the sane
manner. For relief valves, fugitive em ssions are assuned to have
t he conposition of the overhead streamfromthe reactor or colum
served by the relief valve. Em ssions fromthe various fugitive
source types are summed to obtain total process fugitive em ssions
of formal dehyde.

Because em ssions from process fugitive sources do not depend
on their size, but only on their nunber, total process fugitive
em ssi ons are not dependent on plant capacity. Thus, the overal
em ssions are expressed in terns of kilograns per hour of
operati on.

FORVALDEHYDE METAL OXI DE CATALYST PROCESS
Representative Plant Fugitive Source Inventory--1?
177 process val ves (in hydrocarbon service)
4 punps (not including spares)
4 safety relief valves
Process Line Conposition--

O the total process lines in hydrocarbon service, only four
are in formal dehyde service, fromthe formal dehyde converter to
f ormal dehyde storage (see Figure A-1).1 Conpositions are estinated
as foll ows:

Conposition (wt. percent)

St r eam nunber Phase CH,=0 Wt er
4 Gas 29 71
5 Li quid 37 63
6 Li quid 37 63
7 Liquid 37 63
Val ves- -
177 val ves

---------- ~ 22 val ves per process stream
8 Streans
Assum ng 22 valves in each of the above |ines, and averaging
t he formal dehyde contents for gas and liquid lines, total plant
val ve em ssions are estimated as foll ows:
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Conponent

em ssions factor Val ves in Aver age CH,=0 Em ssi ons
(kg/ hr-val ve)? CH,=0 service content(percent) (kg/ hr)
Li qui d val ves 0. 0071 66 37 0.173
Gas val ves 0. 0056 22 29 0.036
0. 209
Punps- -
4 Punps

-------------- ~ 1 punp per liquid process line
5 1iquid lIines

For one punp in each of the six liquid lines in formal dehyde
service, an enission factor of 0.05 kg/hr/punp,? and average
f or mal dehyde concentration of 37 percent, punp em ssions fromthe
nodel plant are estimted at:

1 punp/line x 3 lines x 0.05 kg/hr x 0.37 = 0.056 kg/hr
Conpr essor - -
There are no conpressors in fornmal dehyde servi ce.
Rel i ef Val ves- -

It is assuned that two of the four relief valves are applied
to the converter and two to the vaporizer. The converter overheads
contai n about 100 percent formal dehyde, while the vaporizer is not
in formal dehyde service. Using an em ssion factor of 0.104
kg/ hr-val ve,? em ssions fromthe converter relief valves can be
estimated as foll ows:

2 relief valves x 0.104 kg/hr-valve = 0.208 kg/hr
Total process fugitive em ssions--

Total process fugitive em ssions of fornal dehyde fromthe

nmetal oxidation process representative plant are as foll ows:

Val ves-1iquid 0.173

- gas 0. 036
Punps 0. 056
Conpr essor s - -
Rel i ef val ves 0. 209
Tot al 0.47 kg/ hr

Controls that can be used to reduce fugitive em ssions include
rupture disks on relief valves, punps with doubl e nechanical seals,
and i nspection and mai ntenance of punps and val ves. Doubl e
nmechani cal seal s and rupture disks are approxi mately 100 percent
efficient in reducing em ssions frompunps and relief val ves.

Mont hly i nspection and naintenance (I/M is about 73 percent



efficient for valves in gas service, 59 percent efficient for
valves in liquid service, and 61 percent efficient for punps; while
quarterly I/Mis about 64 percent efficient for gas valves, 44
percent efficient for liquid valves, and 33 percent efficient for
punps. 2
Overall efficiencies were calculated for three control
options. The first, quarterly I/Mfor punps and val ves, has an
overal |l efficiency for fornal dehyde em ssions of about 53 percent.
Monthly I/ Mfor punps and val ves has an overall efficiency of about
73 percent. The use of double nechanical seal punps, application
of rupture disks to relief valves, and nonthly I/Mfor other valves
has an overall efficiency of about 79 percent.?
FORVMALDEHYDE METALLI C SI LVER PROCESS
Model Pl ant Fugitive Source |Inventory ?*--
214 process val ves
7 punps (not including spares)
6 safety relief valves
Process Line Conposition--
O the total 23 process lines, about 13 are in fornmal dehyde
service, fromthe converters reactor to fornal dehyde storage (see
Figure A-2).! Conpositions are estimated as foll ows:

Conposition (w. percent)

St r eam nunber Phase CH, =0 H,0O CH,OH O her
3a-f Gas 20 - - 80
4 Gas 20 - - 80
5 Gas 20 - - 80
6 Li quid 10 85 5 0
7 Li quid 30 55 15
9 Li quid 37 63 30
11 Li quid 37 63 -
12 Li quid 37 63
Val ves

214 val ves
---------- ~ 9 val ves per process |line
23 lines
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Assuming 9 valves in each of the above |ines, and averaging the
f or mal dehyde contents for gas and liquid lines, total plant valve
em ssions are estimated as foll ows:

Conponent Val ves in
em ssion factor CH,=0 Aver age CH,=0 Em ssi ons
(kg/ hr-val ve)? service content (percent) (ka/ hr)
Li quid val ves 0. 007 45 30 0. 096
Gas val ves 0. 0056 72 20 0.081
0.177
Punps- -
7 Punps

-------------- ~ 1 punp per liquid process line
6 liquid lines
Assum ng an average of one punp for each of the 15 liquid
process lines in formal dehyde service, an em ssion factor of 0.05
kg/ hr - punp? and aver age formal dehyde content of 30 percent, punp
em ssions fromthe nodel plant are estimated as foll ows:
1 punp/line x 7 lines x 0.05 kg/hr x 0.30 = 0.105 kg/ hr
There are no conpressors in fornmal dehyde servi ce.
Rel i ef Val ves--
It is assuned that two relief valves are applied to the
vaporizer and four to the bank of converters. The converter
over heads contai n about 20 percent fornal dehyde, while the
vaporizer is not in formal dehyde service. Using an em ssion factor
of 0.104 kg/hr, em ssions fromthe converter relief valves are
estimated as foll ows:
4 relief valves x 0.104 kg/hr-valve = 0.416 kg/ hr
Total Process Fugitive Em ssion Rate--
Total process fugitive em ssions of fornmal dehyde for the
silver catal yst process:

Valves - liquid 0.096

- gas 0. 081

Punps 0. 105

Rel i ef val ves 0.416
Tot al 0. 70 kg/ hr



Controls that can be used to reduce fugitive em ssions include
rupture disks on relief valves, punps with doubl e nechanical seals,
and i nspection and mai ntenance of punps and val ves. The
efficiencies of these controls for individual components are given
in the previous section on netal oxide catal yst process fugitive
em ssi ons.

The first control option, quarterly I/Mfor punps and val ves,
has an overall efficiency for formal dehyde enm ssions of about 57
percent. Monthly I/Mfor punps and val ves has an overal
efficiency of about 69 percent, and the use of doubl e nechani cal
punps, application of rupture disk to relief valves, and nonthly
|/Mfor other valves has an overall efficiency of about 91
per cent . 2

REFERENCES APPENDI X A

S Organi ¢ Chem cal Manufacturing, Volunme B. EPA-450/ 3-80-028d.
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S Fugi tive Em ssion Sources of Organic Conmpounds - Additional
| nformati on on Em ssions, Em ssion Reductions, and Costs.
EPA- 450/ 3-82-010. U.S. Environmental Protection Agency,
Research Triangle Park, NC 1982.
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